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To the Student 


Contrary to what you may have heard, organic 
chemisty does not have to be a difficult course. It 
will be a rigorous course, and it will offer a chal- 
lenge. But you will learn more in it than in almost 
any course you will take---and what you learn will 
have a special relevance to life and the world around 
you. However, because organic chemistry can be ap- 
proached in a logical and systematic way, you will 
find that with the right study habits, mastering or- 
ganic chemistry can be a deeply satisfying experi- 
ence. Here, then, are some suggestions about how to 
study: 


1. Keep up with your work from day to day-never 
let yourself get behind. Organic chemistry is a 
course in which one idea almost always builds on 
another that has gone before. It is essential, there- 
fore, that you keep up with, or better yet, bea little 
ahead of your instructor. Ideally, you should try 
to stay one day ahead of your instructor’s lectures 
in your own class preparations. The lecture, then, 
will be much more helpful because you will al- 
ready have some understanding of the assigned 
material. Your time in class will clarify and ex- 
pand ideas that are already familiar ones. 


2. Study material in small units, and be sure that 
you understand eachnew section before you go 
on to the next. Again, because of the cumulative 
nature of organic chemistry, your studying will 
be much more effective if you take each new idea 
as it comes and try to understand it completely 
before you move on to the next concept. 


3. Work all of the in-chapter and assigned prob- 
lems. One way to check your progress is to work 
each of the in-chapter problems when you come 
to it. These problems have been written just for 
this purpose and are designed to help you decide 
whether or not you understand the material that 
has just been explained. You should also care- 
fully study the Solved Problems. If you under- 
stand a Solved Problem and can work the related 
in-chapter problem, then you should go on; if you 
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cannot, then you should go back and study the 
preceding material again. Work all of the prob- 
lems assigned by your instructor from the end of 
the chapter, as well. Do all of your problems ina 
notebook and bring this book with you when you 
go to see your instructor for extra help. 


. Write when you study. Write the reactions, 


mechanisms, structures, and so on, over and 
over again. Organic chemistry is best assimilated 
through the fingertips by writing, and not through 
the eyes by simply looking, or by highlighting 
material in the text, or by referring to flash cards. 
There is a good reason for this. Organic struc- 
tures, mechanisms, and reactions are complex. If 
you simply examine them, you may think you un- 
derstand them thoroughly, but that will be a mis- 
perception. The reaction mechanism may make 
sense to you in a certain way, but you need a 
deeper understanding than this. You need to know 
the material so thoroughly that you can explain 
it to someone else. This level of understanding 
comes to most of us (those of us without photo- 
graphic memories) through writing. Only by writ- 
ing the reaction mechanisms do we pay sufficient 
attention to their details, such as which atoms are 
connected to which atoms, which bonds break in 
а reaction and which bonds form, and the three- 
dimensional aspects of the structures. When we 
write reactions and mechanisms, connections are 
made in our brains that provide the long-term 
memory needed for success in organic chem- 
istry. We virtually guarantee that your grade in the 
course will be directly proportional to the number 
of pages of paper that you fill with your own 
writing in studying during the term. 


. Learn by teaching and explaining. Study with 


your student peers and practice explaining con- 
cepts and mechanisms to each other. Use the 
Learning Group Problems and other exercises 
your instructor may assign as vehicles forteaching 
and learning interactively with your peers. 


vi 


6. 


TO THE STUDENT 


Use the answers to the problems in the Study 
Guide in the proper way. Refer to the answers 
only in two circumstances: (1) When you have 
finished a problem, use the Study Guide to check 
your answer. (2) When, after making a real effort 
to solve the problem, you find that you are com- 
pletely stuck, then look at the answer for a clue 
and go back to work out the problem on your own. 
Thevalue ofa problem is in solving it. If you sim- 
ply read the problem and look up the answer, you 
will deprive yourself of an important way to learn. 


. Use molecular models when you study. Because 


of the three-dimensional nature of most organic 


LibraryPirate 


molecules, molecular models can be an invaluable 
aid to your understanding of them. When youneed 
to see the three-dimensional aspect of a particular 
topic, use the Molecular Visions™ model set that 
may have been packaged with your textbook, or 
buy a set of models separately. An appendix to the 
Study Guide that accompanies this text provides 
a set of highly useful molecular model exercises. 


. Make use ofthe rich online teaching resources 


in WileyPLUS (www.wileyplus.com) and do any 
online exercises that may be assigned by your in- 
structor. 


INTRODUCTION 


"Solving the Puzzle" 
ОГ 
“Structure Is Everything (Almost) 


As you begin your study of organic chemistry it may seem like a puzzling subject. In fact, 
in many ways organic chemistry is like a puzzle—a jigsaw puzzle. But it is a jigsaw puzzle 
with useful pieces, and a puzzle with fewer pieces than perhaps you first thought. In order to 
put a jigsaw puzzle together you must consider the shape ofthe pieces and how one piece fits 
together with another. In other words, solving a jigsaw puzzle is about structure. In organic 
chemistry, molecules are the pieces of the puzzle. Much of organic chemistry, indeed life 
itself, depends upon the fit of one molecular puzzle piece with another. For example, when 
an antibody of our immune system acts upon a foreign substance, it is the puzzle-piece-like 
fit of the antibody with the invading molecule that allows “capture” of the foreign substance. 
When we smell the sweet scent of a rose, some of the neural impulses are initiated by the 
fit of a molecule called geraniol in an olfactory receptor site in our nose. When an adhesive 
binds two surfaces together, it does so by billions of interactions between the molecules of 
the two materials. Chemistry is truly a captivating subject. 

As you make the transition from your study of general to organic chemistry, it is impor- 
tant that you solidify those concepts that will help you understand the structure of organic 
molecules. A number of concepts are discussed below using several examples. It is sug- 
gested that you consider the examples and the explanations given, and refer to information 
from your general chemistry studies when you need more elaborate information. There are 
also occasional references below to sections in your text, Solomons and Fryhle’s Organic 
Chemistry, because some of what follows foreshadows what you will learn in the course. 


SOME FUNDAMENTAL PRINCIPLES WE NEED TO CONSIDER 


What do we need to know to understand the structure of organic molecules? First, we need to 
know where electrons are located around a given atom. To understand this we need to recall 
from general chemistry the ideas of electron configuration and valence shell electron 
orbitals, especially in the case of atoms such as carbon, hydrogen, oxygen, and nitrogen. 
We also need to use Lewis valence shell electron structures. These concepts are useful 
because the shape of a molecule is defined by its constituent atoms, and the placement of 
the atoms follows from the location of the electrons that bond the atoms. Once we have a 
Lewis structure for a molecule, we can consider orbital hybridization and valence shell 
electron pair repulsion (VSEPR) theory in order to generate a three-dimensional image 
of the molecule. 

Secondly, in order to understand why specific organic molecular puzzle pieces fit together 
we need to consider the attractive and repulsive forces between them. To understand this we 
need to know how electronic charge is distributed in a molecule. We must use tools such as 
formal charge and electronegativity. That is, we need to know which parts of a molecule 
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are relatively positive and which are relatively negative—in other words, their polarity. 
Associations between molecules strongly depend on both shape and the complementarity 
of their electrostatic charges (polarity). 

When it comes to organic chemistry it will be much easier for you to understand why 
organic molecules have certain properties and react the way they do if you have an appreci- 
ation for the structure of the molecules involved. Structure is, in fact, almost everything, in 
that whenever we want to know why or how something works we look ever more deeply into 
its structure. This is true whether we are considering a toaster, jet engine, or an organic re- 
action. If you can visualize the shape of the puzzle pieces in organic chemistry (molecules), 
you will see more easily how they fit together (react). 


SOME EXAMPLES 


In order to review some of the concepts that will help us understand the structure of organic 
molecules, let’s consider three very important molecules—water, methane, and methanol 
(methyl alcohol). These three are small and relatively simple molecules that have certain 
similarities among them, yet distinct differences that can be understood on the basis of their 
structures. Water is a liquid with a moderately high boiling point that does not dissolve 
organic compounds well. Methanol is also a liquid, with a lower boiling point than water, 
but one that dissolves many organic compounds easily. Methane is a gas, having a boiling 
point well below room temperature. Water and methanol will dissolve in each other, that is, 
they are miscible. We shall study the structures of water, methanol, and methane because 
the principles we learn with these compounds can be extended to much larger molecules. 


Water 
HOH 


Let's consider the structure of water, beginning with the central oxygen atom. Recall that 
the atomic number (the number of protons) for oxygen is eight. Therefore, an oxygen atom 
also has eight electrons. (An ion may have more or less electrons than the atomic number 
for the element, depending on the charge of the ion.) Only the valence (outermost) shell 
electrons are involved in bonding. Oxygen has six valence electrons— tbat is, six electrons 
in the second principal shell. (Recall that the number of valence electrons is apparent from 
the group number of the element in the periodic table, and the row number for the element 
is the principal shell number for its valence electrons.) Now, let's consider the electron 
configuration for oxygen. The sequence of atomic orbitals for the first three shells of any 
atom is shown below. Oxygen uses only the first two shells in its lowest energy state. 


15, 25, 2px. 2ру, 2pz, 35, 3px, 3py, Зр: 


The p orbitals of any given principal shell (second, third, etc.) are of equal energy. Recall 
also that each orbital can hold a maximum of two electrons and that each equal energy 
orbital must accept one electron before a second can reside there (Hund’s rule). So, for 
oxygen we place two electrons in the 1s orbital, two in the 2s orbital, and one in each of the 
2p orbitals, for a subtotal of seven electrons. The final eighth electron is paired with another 
in one of the 2p orbitals. The configuration for the eight electrons of oxygen is, therefore 


152 2s? 2p,? 2py! 2р.! 
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where the superscript numbers indicate how many electrons are in each orbital. In terms of 
relative energy of these orbitals, the following diagram can be drawn. Note that the three 
2p orbitals are depicted at the same relative energy level. 


| | 


2px 2py 2р: 
ү 
| 


15 


РЦ 


Епегру 


Now, let's consider the shape of these orbitals. The shape of an s orbital is that of a sphere 
with the nucleus at the center. The shape of each p orbital is approximately that of a 
dumbbell or lobe-shaped object, with the nucleus directly between the two lobes. There is 
one pair of lobes for each of the three p orbitals (р, Ру, р.) and they are aligned along the 
x, у and z coordinate axes, with the nucleus at the origin. Note that this implies that the 
three p orbitals are at 90* angles to each other. 


2 
an s orbital рх Ру p; orbitals 


Now, when oxygen is bonded to two hydrogens, bonding is accomplished by the sharing of 
an electron from each of the hydrogens with an unpaired electron from the oxygen. This 
type of bond, involving the sharing of electrons between atoms, is called a covalent bond. 
The formation of covalent bonds between the oxygen atom and the two hydrogen atoms 
is advantageous because each atom achieves a full valence shell by the sharing of these 
electrons. For the oxygen in a water molecule, this amounts to satisfying the octet rule. 


A Lewis structure for the water molecule (which shows only the valence shell electrons) 
is depicted in the following structure. There are two nonbonding pairs of electrons around 
the oxygen as well as two bonding pairs. 
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In the left-hand structure the six valence electrons contributed by the oxygen are shown as 
dots, while those fromthe hydrogens are shown as x’s. This is done strictly for bookkeeping 
purposes. All electronsare, of course, identical. The right-hand structure uses the convention 
that a bonding pair of electrons can be shown by a single line between the bonded atoms. 

This structural model forwateris only a first approximation, however. While it isa proper 
Lewis structure for water, it is not an entirely correct three-dimensional structure. It might 
appear that the angle between the hydrogen atoms (or between any two pairs of electrons in 
a water molecule) would be 90°, but thisis not what the true anglesare in a water molecule. 
The angle between the two hydrogens is in fact about 105°, and the nonbonding electron 
pairs are in a different plane than the hydrogen atoms. The reason for this arrangement is 
that groups of bonding and nonbonding electrons tend to repel each other due to the negative 
charge of the electrons. Thus, the ideal angles between bonding and nonbonding groups of 
electrons are those angles that allow maximum separation in three-dimensional space. This 
principle and thetheory built around it are called the valence shell electron pair repulsion 
(VSEPR) theory. 

VSEPR theory predicts that the ideal separation between four groups of electrons around 
an atom is 109.5°, the so-called tetrahedral angle. At an angle of 109.5° all four electron 
groups are separated equally from each other, being oriented toward the corners of a regular 
tetrahedron. The exact tetrahedral angle of 109.5° is found in structures where the four 
groups of electrons and bonded groups are identical. 

In water, there are two different types of electron groups-—pairs bonding the hydrogens 
with the oxygen and nonbonding pairs. Nonbonding electron pairs repel each other with 
greater force than bonding pairs, so the separation between them is greater. Consequently, 
the angle between the pairs bonding the hydrogens to the oxygen in a water molecule is 
compressed slightly from 109.5?, being actually about 105°. As we shall see shortly, the 
angle between the four groups of bonding electrons in methane (CH4) is the ideal tetrahedral 
angle of 109.5°. This is because the four groups of electrons and bound atoms are identical 
in amethane molecule. 


Orbital hybridization is the reason that 109.5° is the ideal tetrahedral angle. As noted 
earlier, an s orbital is spherical, and each p orbital is shaped like two symmetrical lobes 
alignedalong the x, у, and z coordinate axes. Orbital hybridization involves taking a weighted 
average of the valence electron orbitals of the atom, resulting in the same number of new 
hybridized orbitals. With four groups of valence electrons, as in the structure of water, one 
s orbital and three p orbitals from the second principal shell in oxygen are hybridized (the 
2s and 2p,, 2p,, and 2p. orbitals). The result is four new hybrid orbitals of equal energy 
designated as sp? orbitals (instead of the original three p orbitals and one s orbital). Each 
ofthe four sp? orbitals has roughly 2596 s character and 7596 p character. The geometric 
result is that the major lobes of the four sp? orbitals are oriented toward the corners of a 
tetrahedron with an angle of 109.5? between them. 
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sp? hybrid orbitals 
(109.5? angle between lobes) 


In the case of the oxygen in a water molecule, where two of the four sp? orbitals are 
occupied by nonbonding pairs, the angle of separation between them is larger than 109.5? 
due to additional electrostatic repulsion of the nonbonding pairs. Consequently, the angle 
between the bonding electrons is slightly smaller, about 105°. 

More detail about orbital hybridization than provided above is given in Sections 1.9— 
1.15 of Organic Chemistry. With that greater detail it will be apparent from consideration 
of orbital hybridization that for three groups of valence electrons the ideal separation is 
120? (trigonal planar), and for two groups of valenceelectrons the ideal separation is 180? 
(linear). VSEPR theory allows us to come to essentially the same conclusion as by the 
mathematical hybridization of orbitals, and it will serve us for the moment in predicting the 
three- dimensional shape of molecules. 


Methane 
CH, 


Now let's consider the structure of methane (CH,). In methane there is a central carbon atom 
bearing four bonded hydrogens. Carbon has six electrons in total, with four of them being 
valence electrons. (Carbon is in Group IVA in the periodictable.) In methane each valence 
electron is shared with an electron from a hydrogen atom to form four covalent bonds. This 
informationallows us to draw a Lewis structure for methane (see below). With four groups 
of valence electrons the VSEPR theory allows us to predictthat the three-dimensional shape 
ofa methane molecule should be tetrahedral, with an angle of 109.5? between each of the 
bonded hydrogens. This is indeed the case. Orbital hybridization arguments can also be used 
toshow that there are four equivalent sp? hybrid orbitals around the carbon atom, separated 
by an angle of 109.5°. 


All H-C-H angles are 109.5? 


The structure at the far right above uses the dash-wedge notation to indicate three dimen- 
sions. A solid wedge indicates that a bond projects out of the paper toward the reader. A 
dashed bond indicates that it projects behind the paper away from the viewer. Ordinary lines 
represent bonds in the plane of the paper. The dash-wedge notation is an important and 
widely used tool for depicting the three-dimensional structure of molecules. 


LibraryPirate 


xii INTRODUCTION 


Methanol 
CH,OH 


Now let's considera molecule that incorporates structural aspects of both water and methane. 
Methanol (СНзОН), or methyl alcohol, is such a molecule. In methanol, a central carbon 
atom has three hydrogens and an O-H group bonded to it. Three ofthe four valence electrons 
of the carbon atom are shared with a valence electron from the hydrogen atoms, forming 
three C—H bonds. The fourth valence electron of the carbon is shared with a valence 
electron from the oxygen atom, forming a C—O bond. The carbon atom now has an octet of 
valence electrons through the formation of four covalent bonds. The angles between these 
four covalent bonds is very near the ideal tetrahedral angle of 109.5?, allowing maximum 
separation between them. (The valence orbitals of the carbon are гр“ hybridized.) At the 
oxygen atom, the situation is very similar to that in water. The oxygen uses its two unpaired 
valence electrons to form covalent bonds. One valence electron is used in the bond with 
the carbon atom, and the other is paired with an electron from the hydrogen to form the 
O-H bond. The remaining valence electrons of the oxygen are present as two nonbonding 
pairs, just as in water. The angles separating the four groups of electrons around the oxygen 
are thus near the ideal angle of 109.5°, but reduced slightly in the С-О-Н angle due to 
repulsion by the two nonbonding pairs on the oxygen. (The valence orbitals of the oxygen 
are also sp? hybridized since there are four groups of valence electrons.) A Lewis structure 
for methanol is shown below, along with a three-dimensional perspective drawing. 


| | 
" £ За 


THE “CHARACTER” OF THE PUZZLE PIECES 


With a mental image of the three-dimensional structures of water, methane, and methanol, 
we can ask how the structure of each, as a “puzzle piece,” influences the interaction of 
each molecule with identical and different molecules. In order to answer this question we 
have to move one step beyond the three-dimensional shape of these molecules. We need to 
consider not only the location of the electron groups (bonding and nonbonding) but also 
the distribution of electronic charge in the molecules. 

First, we note that nonbonding electrons represent a locus of negative charge, more so 
than electrons involved in bonding. Thus, water would be expected to have some partial 
negative charge localized in the region of the nonbonding electron pairs of the oxygen. 
The same would be true for a methanol molecule. The lower case Greek 5 (delta) means 


“partial.” 
| 
5 8 
x PX 
H H ^d "5 
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Secondly, the phenomenon of electronegativity influences the distribution of electrons, 
and hence the charge in a molecule, especially with respect to electrons in covalent bonds. 
Electronegativity is the propensity of an element to draw electrons toward it in a co- 
valent bond. The trend among elements is that of increasing electronegativity toward 
the upper right comer of the periodic table. (Fluorine is the most electronegative ele- 
ment.) By observing the relative locations of carbon, oxygen, and hydrogen in the periodic 
table, we can see that oxygen is the most electronegative of these three elements. Car- 
bon is more electronegative than hydrogen, although only slightly. Oxygen is significantly 
more electronegative than hydrogen. Thus, there is substantial separation of charge in a 
water molecule, due not only to the nonbonding electron pairs on the oxygen but also 
to the greater electronegativity of the oxygen with respect to the hydrogens. The oxygen 
tends to draw electron density toward itself in the bonds with the hydrogens, leaving the 
hydrogens partially positive. The resulting separation of charge is called polarity. The 
oxygen-hydrogen bonds are called polar covalent bonds due to this separation of charge. 
If one considers the net effect of the two nonbonding electron pairs in a water molecule 
as being a region of negative charge, and the hydrogens as being a region of relative 
positive charge, it is clear that a water molecule has substantial separation of charge, or 
polarity. 


H H 
5+ öt 


An analysis of polarity for a methanol molecule would proceed similarly to that for 
water. Methanol, however, is less polar than water because only опе О-Н bond is present. 
Nevertheless, the region of the molecule around the two nonbonding electron pairs of 
the oxygen is relatively negative, and the region near the hydrogen is relatively positive. 
The electronegativity difference between the oxygen and the carbon is not as large as that 
between oxygen and hydrogen, however, so there is less polarity associated with the C—O 
bond. Since there is even less difference in electronegativity between hydrogen and carbon 
in the three C-H bonds, these bonds contribute essentially no polarity to the molecule. The 
net effect for methanol is to make it a polar molecule, but less so than water due to the 
nonpolar character of the CH; region of the molecule. 


H 

| dE 
Не ^ 
H -Ф. 

бу ё 


Now let’s consider methane. Methane is a nonpolar molecule. This is evident first be- 
cause there are no nonbonding electron pairs, and secondly because there is relatively little 
electronegativity difference between the hydrogens and the central carbon. Furthermore, 
what little electronegativity difference there is between the hydrogens and the central car- 
bon atom is negated by the symmetrical distribution of the C-H bonds in the tetrahedral 
shape of methane. The slight polarity of each C-H bond is canceled by the symmetrical 
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orientation of the four C-H bonds. If considered as vectors, the vector sum of the four 
slightly polar covalent bonds oriented at 109.5? to each other would be zero. 


H 
del SE 
He-C Tu Net dipole is zero. 


ay 


The same analysis would hold true for a molecule with identical bonded groups, but 
groups having electronegativity significantly different from carbon, so long as there were 
symmetrical distribution of the bonded groups. Tetrachloromethane (carbon tetrachloride) 
is such a molecule. It has no net polarity. 


Cl^-C Sa Net dipole is zero. 


INTERACTIONS OF THE PUZZLE PIECES 


Now that you have an appreciation for the polarity andshape of these molecules it is possible 
to see how molecules might interact with each other. The presence of polarity in a molecule 
bestows upon it attractive or repulsive forces in relation to other molecules. The negative 
part of one molecule is attracted to the positive region of another. Conversely, if there is little 
polarity in a molecule, the attractive forces it can exert are very small [though not completely 
nonexistent, due to van der Waals forces (Section 2./3B in Organic Chemistry)]. Such 
effects are calledintermolecular forces (forcesbetweenmolecules),andstrongly depend on 
the polarity ofa molecule or certain bonds within it (especially O—H, N—H, and other bonds 
between hydrogen and more electronegative atoms with nonbonding pairs). Intermolecular 
forces have profound effects on physical properties such as boiling point, solnbility, and 
reactivity. An important manifestation of these properties is that the ability to isolate a 
pure compound after a reaction often depends on differences in boiling point, solubility, 
and sometimes reactivity among the compounds present. 


Boiling Point 


An intuitive understanding of boiling points will serve you well when working in the labo- 
ratory. The polarity of water molecules leads to relatively strong intermolecular attraction 
between water molecules. One result is the moderately high boiling point of water (100°C, 
as compared to 65°C for methanol and -162°C for methane, which we will discuss shortly). 
Water has the highest boiling point of these three example molecules because it will strongly 
associate with itself by attraction of the partially positive hydrogens of one molecule (from 
the electronegativity difference between the O and H) to the negatively charged region in 
anotherwater molecule (where the nonbonding pairs are located). 
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hydrogen bonds 


The specific attraction between a partially positive hydrogen atom attached to a het- 
eroatom (an atom with both nonbonding and bonding valence electrons, e.g., oxygen or 
nitrogen) and the nonbonding electrons of another heteroatom is called hydrogen bonding. 
Itis a formof dipole-dipole attraction due tothe polar nature of the hydrogen--heteroatom 
bond. A given water molecule can associate by hydrogen bonding with several other water 
molecules, as shown above. Each water molecule has two hydrogens that can associate with 
the non-bonding pairs of other water molecules, and two nonbonding pairs that can associate 
with the hydrogens of other water molecules. Thus, several hydrogen bonds are possible for 
each water molecule. It takes a significant amount of energy (provided by heat, for example) 
to give the molecules enough kinetic energy (motion) for them to overcome the polarity- 
induced attractive forces between them and escape into the vapor phase (evaporation or 
boiling). 

Methanol, on the other hand, has a lower boiling point (65 °C) than water, in large part 
due to the decreased hydrogen bonding ability of methanol in comparison with water. Each 
methanol molecule has only one hydrogen atom that can participate in a hydrogen bond 
with the nonbonding electron pairs of another methanol molecule (as compared with two 
for each water molecule). The result is reduced intermolecular attraction between methanol 
molecules and a lower boiling point since less energy is required to overcome the lesser 
intermolecular attractive forces. 


| 
Ham H 
"ur li 
8^ 
H C—H 
н ға” 
| Q н 
£ 8 
нес. „Ну 
H -O- 


The CH, group of methanol does not participate in dipole-dipole attractions between 
molecules because there is not sufficient polarity in any of its bonds to lead to significant 
partial positive or negative charges. This is due to the small electronegativity difference 
between the carbon and hydrogen in each of the C-H bonds. 

Now, on to methane. Methane has no hydrogens that are eligible for hydrogen bonding, 
since none is attached to a heteroatom such as oxygen. Due to the small difference in 
electronegativity between carbon and hydrogen there are no bonds with any significant 
polarity. Furthermore, what slight polarity there is in each С-Н bond is canceled due to 
the tetrahedral symmetry of the molecule. [The minute attraction that is present between 
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methane molecules is due to van der Waals forces, but these are negligible in comparison 
to dipole-dipole interactions that exist when significant differences in electronegativity 
are present in molecules such as water and methanol.] Thus, because there is only a very 
weak attractive force between methane molecules, the boiling point of methane is very low 
(—162 °C) and it is a gas at ambient temperature and pressure. 


Solubility 


An appreciation for trends in solubility is very useful in gaining a general understanding of 
many practical aspects of chemistry. The ability of molecules to dissolve other molecules or 
solutes is strongly affected by polarity. The polarity of water is frequently exploited during 
the isolation of an organic reaction product because water will not dissolve most organic 
compounds but will dissolve salts, many inorganic materials, and other polar byproducts 
that may be present in a reaction mixture. 

As to our example molecules, water and methanol are miscible with each other because 
each is polar and can interact with the other by dipole-dipole hydrogen bonding interac- 
tions. Since methane is a gas under ordinary conditions, for the purposes of this discussion 
let's consider a close relative of methane—hexane. Нехапе (С<Н|4) is a liquid having only 
carbon—carbon and carbon—-hydrogen bonds. It belongs to the same chemical family as 
methane. Hexane is not soluble in water due to the essential absence of polarity in its bonds. 
Hexane is slightly soluble in methanol due to the compatibility of the nonpolar CH3 region 
of methanol with hexane. The old saying “like dissolves like" definitely holds true. This 
can be extended to solutes, as well. Very polar substances, such as ionic compounds, are 
usually freely soluble in water. The high polarity of salts generally prevents most of them 
from being soluble in methanol, however. And, of course, there is absolutely no solubility 
of ionic substances in hexane. On the other hand, very nonpolar substances, such as oils, 
would be soluble in hexane. 

Thus, the structure of each of these molecules we've used for examples (water, methanol, 
and methane) has a profound effect on their respective physical properties. The presence 
of nonbonding electron pairs and polar covalent bonds in water and methanol versus the 
complete absence of these features in the structure of methane imparts markedly differ- 
ent physical properties to these three compounds. Water, a small molecule with strong 
intermolecular forces, is a moderately high boiling liquid. Methane, a small molecule with 
only very weak intermolecular forces, is a gas. Methanol, a molecule combining structural 
aspects of both water and methane, is a relatively low boiling liquid, having sufficient in- 
termolecular forces to keep the molecules associated as a liquid, but not so strong that mild 
heat can't disrupt their association. 


Heactivity 


While the practical importance of the physical properties of organic compounds may only 
be starting to become apparent, one strong influence of polarity is on the reactivity of 
molecules. It is often possible to understand the basis for a given reaction in organic 
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chemistry by considering the relative polarity of molecules and the propensity, or lack 
thereof, for them to interact with each other. 

Let us consider one example of reactivity that can be understood at the initial level by 
considering structure and polarity. When chloromethane (СНС!) 
ions (ОН“ ) in water a reaction occurs that produces methanol. This reaction is shown below. 


СНзС{ + HO^ (as NaOH dissolved in water) — HOCH; 


This reaction is called a substitution reaction, and it is of a general type that you will spend 
considerable time studying in organic chemistry. The reason this reaction occurs readily 
can beunderstood by considering the principles of structure and polarity that we have been 
discussing. The hydroxide ion has a negative charge associated with it, and thus should be 
attractedto a species that has positive charge. Now recall our discussion of electronegativity 
and polar covalent bonds, and apply these ideas to the structure of chloromethane. The 
chlorine atom is significantly more electronegative than carbon (note its position in the 
periodic table). Thus, the covalent bond between the carbon and the chlorine is polarized 
such that there is partial negative charge on the chlorine and partial positive charge on the 
carbon. This provides the positive site that attracts the hydroxide anion! 


The intimate details of this reaction will be studied in Chapter 6 of your text. Suffice 
it to say for the moment that the hydroxide ion attacks the carbon atom using one of its 
nonbonding electron pairs to form a bond with the carbon. At the same time, the chlorine 
atom is pushed away from the carbon and takes with it the pair of electrons that used to bond 
it to the carbon. The result is substitution of OH for Cl at the carbon atom and the synthesis 
of methanol. By calculating formal charges (Section 1.7 in the text) one can show that the 
oxygen of the hydroxide anion goes from having a formal negative charge in hydroxide to 
zero formal charge in the methanol molecule. Similarly, the chlorine atom goes from having 
zero formal charge in chloromethane to a formal negative charge as a chloride ion after the 
reaction. The fact that the reaction takes place at all rests largely upon the complementary 
polarity of the interacting species. This is a pervasive theme in organic chemistry. 

Acid-base reactions are also very important in organic chemistry. Many organic re- 
actions involve at least one step in the overall process that is fundamentally an acid-base 
reaction. Both Brensted-Lowry acid-base reactions (those involving proton donors and ac- 
ceptors) and Lewis acid-base reactions (those involving electron pair acceptors and donors, 
respectively) are important. In fact, the reaction above can be classified asa Lewis acid-base 
reaction in that the hydroxide ion acts as a Lewis base to attack the partially positive carbon 
as a Lewis acid. It is strongly recommended that you review concepts you have learned 
previously regarding acid-base reactions. Chapter 3 in Organic Chemistry will help in this 
regard, but it is advisable that you begin some early review about acids and bases based on 
your previous studies. Acid-base chemistry is widely applicable to understanding organic 
reactions. 
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JOINING THE PIECES 


Finally, while what we have said above has largely been in reference to three specific 
compounds, water, methanol, and methane, the principles involved find exceptionally broad 
application in understanding the structure, and hence reactivity, of organic molecules in 
general. You will find it constantly useful in your study of organic chemistry to consider the 
electronic structure of the molecules with which you are presented, the shape caused by the 
distribution of electrons in a molecule, the ensuing polarity, and the resulting potential for 
that molecule’s reactivity. What we have said about these very small molecules of water, 
methanol, and methane can be extended to consideration of molecules with 10 to 100 times as 
many atoms. You would simply apply these principles to small sections of the larger molecule 
one part at a time. The following structure of Streptogramin A provides an example. 


A region with trigonal 
planar bonding 


‘O° e" 5 
A few of the partially positive 
and partially negative regions 
СН; аге shown, as well as regions 
of tetrahedra! and trigonal planar 
НЗС. geometry. See if you can identify 
CH more of each type. 
/ 
H3C 
Aregion with 


Streptogramin A 


tetrahedral bonding, 


A natural antibacterial compound that blocks protein 
synthesis at the 70S ribosomes of Gram-positive bacteria. 


We have not said much about how overall shape influences the ability of one molecule 
to interact with another, in the sense that a key fits in a lock or a hand fits in a glove. 
This type of consideration is also extremely impertant, and will follow with relative ease 
if you have worked hard to understand the general principles of structure outlined here and 
expanded upon in the early chapters of Organic Chemistry. An example would be the 
following. Streptogramin A, shown above, interacts in a hand-in-glove fashion with the 70S 
ribosome in bacteria to inhibit binding of transfer RNA at the ribosome. The result of this 
interaction is the prevention of protein synthesis in the bacterium, which thus accounts for 
the antibacterial effect of Streptogramin A. @ther examples of hand-in-glove interactions 
include the olfactory response to geraniol mentioned earlier, and the action of enzymes to 
speed up the rate of reactions in biochemical systems. 


FINISHING THE PUZZLE 


In conclusion, if you pay attention to learning aspects of structure during this initial period 
of "getting your feet wet" in organic chemistry, much of the three-dimensional aspects 
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of molecules will become second nature to you. You will immediately recognize when a 
molecule is tetrahedral, trigonal planar, or linear in one region or another. You will see the 
potential for interaction between a given section of a molecule and that of another molecule 
based on their shape and polarity, and you will understand why many reactions take place. 
Ultimately, you will find that there 15 much less to memorize in organic chemistry than you 
first thought. You will leam how to put the pieces of the organic puzzle together, and see 
that structure is indeed almost everything, just applied in different situations! 
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THE BASICS: BONDING AND 
MOLECULAR STRUCTURE 


SOLUTIONS TO PROBLEMS 


Another Approach to Writing Lewis Structures 


When we write Lewis structures using this method, we assemble the molecule 
or ion from the constituent atoms showing only the valence electrons (i.e., the elec- 
trons of the outermost shell). By having the atoms share electrons, we try to give 
each atom the electronic structure of a noble gas. For example, we give hydrogen 
atoms two electrons because this gives them the structure of helium. We give car- 
bon, nitrogen, oxygen, and fluorine atoms eight electrons because this gives them 
the electronic structure of neon. The number of valence electrons of an atom can 
be obtained from the periodic table because it is equal to the group number of the 
atom. Carbon, for example, is in Group IVA and has four valence electrons; fluo- 
rine, in Group VIIA, has seven; hydrogen, in Group 1A, has one. As an illustration, 
let us write the Lewis structure for CH3F. In the example below, we will at first 
show a hydrogen’s electron as x, carbon’s electrons as o’s, and fluorine’s electrons as 
dots. 


Example A 


ЗН", „Се, and Fiare assembled as 


HiCtF: or Н:С:Е: 
H H 


If the structure is an ion, we add or subtract electrons to give it the proper charge. As 
an example, consider the chlorate ion, ClO3~. 


Example B 


Te „and 302 andan extra electron x are assembled as 
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11 ^N, 7 protons and 7 neutrons; ^N, 7 protons and 8 neutrons 
1.2 (a) one (b) seven (c) four (d) three (e) eight (f) five 


1.3 (a) covalent (b) ionic (c) covalent (d) covalent 


Hore 
15 (a) H—F: (d H—O—N=O' (g) u mah аш 
:Q—H 
же кој 
Т : 
(b) :F—F: (е Н-0-5-0-н юн 07 ~б—н 
H | " 
(c) ақ, (f) да. 
H H 
H | 
К юв " - че 
1.6 (a) ла (c) :CzN: (е) H—O ОГ 
H 
“и 1 " 
(b) i-e (d) H—C (f) H—C=c: 
H ‘or 
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H H :0: H 
| 
17 (a) ма: (d) H—C—H G HC- CEN 
H H H H 
H H H 
„+ ма + e 
(b H—O-—H (e) ae wo (h) H—C—N=N 
H нон H 
ir H—05-—H 
| 
бт ИН (y H—C—H 
H `O- 
о; и, 
/ / 
18 (a) H—C <-> н с 
X. Y 
40 = O: 


(b) and (c). Since the two resonance structures are equivalent, each should make an equal 
contribution to the overall hybrid. The C—O bonds should therefore be of equal length (they 
should be of bond order 1.5), and each oxygen atom should bear a 0.5 negative charge. 


HLA р Ne W 
b) "-6У6-ң = АС 
| H H 
H 
| 
H H 
(c) би а-ы eM 
| Ж NS 
А H H 
H H 
(d) -GC Cem шу > с=с=К 
H H 
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+ + m 
1.10 (а) CH;CH=CH—CH=OH —— СН;СН--СН--СН--ӨН <-- 


Br 9 
CH;CH—CH=CH—OH 
5+ 6+ ё 
СНЗСН===СН===СН==ОН 
(b) СН;ҙ--СН--СН--СН--СН; ==—= "CH;—CH—CH—CH—CH; == 


^ 
CH; —CH—CH-CH-— CH; 


5+ 5+ 5+ 
СНҙ--<СН--<СН--СН--СН; 


8. 
wl 91, toe 
+ + 
6t 
Пиј У 


(d CH;—CH— Br: <—— ~:CH,—CH=Br: 


5- 8» 
CH ===CH==Br 


сну сн“ „А. „сн, CH; сн, 
(е) СТ—Су— (7--ГО--СТІ 
+ + 
5+ ot 
-CH2 
я 


| | 
Шон ems ж-ш” “om 
оё 
| 
ғас 
нс” "CH; 


T T 
(в) СН; —$ — СН «— —- СН)-5--СН; 


5+ 5+ 
CH; — $—CH; 
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o: о © 
+ 2 КЖ ЭН 
(h) СН —N = СН:—М№ <> CH;3—N 
ха % 
:0:- С mma 
(minor) 
о“ 
+h 
CH3—N 
\ 5- 
[0] 


T 
1.11 (а) CH2— МСН) because all atoms have a complete octet (rule 3), and there are more 
covalent bonds (rule I). 


2 

(6) CH3—C because it has по charge separation (rule 2). 
:0—H 

(c) :МН)--С--М: because it has no charge separation (rule 2). 


1.12 (a) In its ground state, the valence electrons of carbon might be disposed as shown in the 
following figure. 


The electronic configuration of a ground state carbon atom: 
The p orbitals are designated 2p ,, 2 p,, and 2p. to indicate 
their respective orientations along the x, v, and z axes. The 
assignment of the unpaired electrons to the 2p, and 2p, or- 
bitals is arbitrary. They could also have been placed in the 2p, 
and 2p. or 2p, and 2p. orbitals. (To have placed them both 
in the same orbital would not have been correct, however, for 
this would have violated Hund's rule.) (Section 1.10A) 

The formation of the covalent bonds of methane from indi- 
vidual atoms requires that the carbon atom overlap its orbitals containing singleelectrons 
with Is orbitals of hydrogen atoms (which also contain a single electron). If a ground 
state carbon atom were to combine with hydrogen atoms in this way, the result would 
be that depicted below. Only two carbon-hydrogen bonds would be formed, and these 
would be at right angles to each other. 


The hypothetical formation of CH2 from a carbon atom in its ground state: 
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(b) An excited-state carbon atom might combine with four hydrogen atoms as shown in the 
figure above. 

The promotion of an electron from the 2s orbital to the 2p. orbital requires energy. 
The amount of energy required has been determined and is equal to 400 kJ mol-!. This 
expenditure of energy can be rationalized by arguing that the energy released when two 
additional covalent bonds form would more than compensate for that required to excite 
the electron. No doubt this is true, but it solves only one problem. The problems that 
cannot be solved by using an excited-state carbon as a basis for a model of methane 
are the problems ofthe carbon-hydrogen bond angles and the apparent equivalence of 
all four carbon-hydrogen bonds. Three of the hydrogens—those overlapping their 1s 
orbitals with the three p orbitals—would, inthis model, be at angles of 90° with respect 
to each other; the fourth hydrogen, the one overlapping its 1s orbital with the 2s orbital 
of carbon, would be at some other angle, probably as far from the other bonds as the 
confines of the molecule would allow. Basing our model of methane on this excited 
state of carbon gives us a carbon that is tetravalent but one that is not tetrahedral, and 
it predicts a structure for methane in which one carbon-hydrogen bond differs from the 
other three. 

The hypothetical formation of CH, from an excited-state carbon atom: 


1.13 (a) Cis-trans isomers are not possible. 


CH CH H 
(b) Ne z7 СНА р; 
С--С ала С--С 
# x 
H H H СНз 
(с) Cis-trans isomers are not possible. 
d cl H 
(d) CH3CH2 о 4 CH;CH2, 2 
С--С апа С=С 
Ж 
H H H CI 
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(b) 


(c) 


(d) 


(e) 


(g) 


(h) 
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There are four bonding pairs. 
The geometry is tetrahedral. 


There are two bonding pairs about 
the central atom. The geometry is linear. 


There are four bonding pairs. 
The geometry is tetrahedral. 


There are two bonding pairs and two 
nonbonding pairs. The geometry is angular. 


There are three bonding pairs. The geometry 
is trigonal planar. 


There are four bonding pairs around the central 
atom. The geometry is tetrahedral. 


There are four bonding pairs around the central atom. 
The geometry is tetrahedral. 


There are three bonding pairs and one nonbonding pair 


7 


around the central atom. The geometry is trigonal pyramidal. 
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i 120° „Е 
1.19 (a) С "Sur trigonal planar at each carbon atom 
# 
Е Е 
180• 1809 
(b) C на Иса C— CH; linear (c) H -ÉC*-N. linear 


T ww 
1.20 ВР Коби 
H 


H H 
CH; 


121 CH;CHCHCHCH3; ог (СН;);СНСН(СН;)СН(СН;); 


CH; CH 


1.22 (a) | = 


(b) CH CH = 


(c) 
(d) =“ 


(e) CE3 CH CH3 
(f) CH= = 


(в) C св = 
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1.23 (a) and (d) are constitutional isomers with the molecular formula С$Н|›. 
(b) and (e) are constitutional isomers with the molecular formula CsH;2O. 


(с) and (f) are constitutional isomers with the molecular formula Сен). 


" H ia ро 
H н 3 „~ 
ПДВ шу BN ot xd 
1.24 (а) Ый уй а: (с) ү" з H 
н H H HOG СН 
/ № 
Н Н 
4 ма Колы: 
x P ,H 
"Án Сын 
H H 
(b) “С Сс” 
u^ Ncw H 
НР чаан 
Н: Зан 
ХА / Ng 
H H 
cl 
1.25 (a) | А (Notethat the Cl atom and the three Н atoms 
H 7 N” H may be written at any of the four positions.) 
H 
cl CI 
(b) ! ог | and so on 
gir yj NH 
H CI 
CI H 
(c) | and others (d) | and others 
УЗ УН С 
Вг 7 E 
H н N 
H H 
Problems 


Electron Configuration 


1.26 (a) Nat has the electronic configuration, 1522522 рб, of Ne. 


(b) СГ has the electronic configuration, 1522522 рб3523 рб, of Ar. 
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(c) F* and (h) Br* do not have the electronic configuration of a noble gas. 
(d) H- has the electronic configuration, 152, of He. 

(e) Ca2* has the electronic configuration, 1522522 p63523 рб, of Ar. 

(f) S?- has the electronic configuration, 1522522 рб3523 рб, of Ar. 


(в) O?- has the electronic configuration, 1522522 рб, of Ne. 


Lewis Structures 


bi Él - на те о. 
ар T ael [e s ВИ 
127 (ау. JS. op (БУ <СІ--Е--СІН © „За Ном 
ag. SEE 101 та = У 
| СІ: е .0:- 
| 1 
x " | 
1.28 (а) CH;—O—S—O™ (e) ^ ма d 
[e Кој 
or n 
(b) CH; —S— CH; (d) „йаш 
+ 
О. 


Structural Formulas and Isomerism 


1.29 (а) (СН.)„СНСН,ОН с) H,C—CH, 
HC=CH 
о 


| 
(b) (CH3),CHCCH(CH;), (d) (CH3),CHCH,CH,OH 


1.30 (а) СІН 0 (c) CyHg 
(b) СНО (d) CsH,,0 
1.31 (a) Different compounds, not isomeric (d) Same compound 
(b) Constitutional isomers (e) Same compound 
(c) Same compound (f) Constitutional isomers 
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(g) Different compounds, not isomeric 
(h) Same compound 
(i) Different compounds, not isomeric 
(j) Same compound 


(k) Constitutional isomers 


(I) Different compounds, not isomeric 
(m) Same compound 
(n) Same compound 
(0) Same compound 


(p) Constitutional isomers 


1:32 (a) Q eH 
32 ў Г 
ues © 
(b) қең еқ. (е) AN“ 392 ог m 
О 
(с) WP (f) 
[33 = S и 
Н ‘0: H “0:- 
858 1 +4 | ей” 
H—C—N я» H—C—N 
І та | È 
H v H 0: 
ү, 
оза аган 
H 
| 
да аа. 
H (Other structures are possible.) 
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Resonance Structures 


135 (а) 27507 пр 74 


“O° :д: (0: 
(5) Жб», <->» ЕЕ <-> ЕВА 
+ + 


(с) МИ NH; <-> и ~ NH; з- = << NH) 


ыбылы ae ыж 


ст 
О: Peru :0: 

(8) Жос Жаа E Ay 
[0] :0: Нети 

(h) Жам і ~ Ук 


bo 
#4 2 
1.36 =" 
Ф. 
HN HN 


Е Ж 4 6: 
275 


“ль 


1.38 (a) While the structures differ in the position of their electrons, they also differ in the 
positions of their nuclei and thus they are not resonance structures. (In cyanic acid the 
hydrogen nucleus is bonded to oxygen; in isocyanic acid it is bonded to nitrogen.) 


(b) The anionobtained fromeitheracidisa — " * 
resonance hybrid o fthe following structures: *O—C==N: «+ > :О==С= №7 
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1.39 H—C 


(a) A +1 charge. (F =4 — 6/5 – 2 = +1) 
(b) А +1 charge. (It is called a methyl cation.) 


(c) Trigonal planar, that is, 


(d) sp? 


1.40 H—c: 


(a) А —1 charge. (F = 4 — 6/2 — 2 = —1) 
(b) A —1 charge. (It is called a methyl anion.) 


(c) Trigonal pyramidal, that is 


Q 


HUN 
H H 
(d) sp? 
H 
1.41 нс: 
H 
(a) No formal charge. (Е = 4 — 6/2 — 1 = 0) 


(b) No charge. 
(c) sp?, that is, 


н.() 
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1.42 (a) and (b) 
~ „О. Е о. 
8 nt i 
„Бо: o^ s; 
(c) Because the two resonance structures are equivalent, they should make equal contribu- 
tions to the hybrid and, therefore, the bonds should be the same length. 


(d) Yes. We consider the central atom to have two groups or units of bonding electrons and 
one unshared pair. 


Y^ Y . p= — + жа Dos t 
1.43 :NÆN— №: 400 - М--М--М: <->» :М— № №: 
А B C 


Structures A and C are equivalent and, therefore, make equal contributions to the hybrid. 
The bonds of the hybrid, therefore, have the same length. 


(b) (CH3)2.NH СН;СН;МН; 


(c) (CH3)3N CH3CH,NHCH3 СН;СН;СН;МН; p 


NH2 
(dhe SZ EU vs 
1.43 (a) constitutional isomers (b) the same 
(c) resonance forins (d) constitutional isomers 
(e) resonance forms (f) the same 


Challenge Problems 


+ az! x 
146 (а) O=N=O 
(b) Linear 
(c) Carbon dioxide 
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:Вг: 
L47 Set A: и чи pE e в 5 Br 
Е :Вг: Вг. .Br 
зав: НА ХУ” на “он YO OH NH 
| 2 PEN dicil ca 2 
: ОН МН} = 
А Steet 
soe Sa N eas. о. 
| | | 
H си H H 
H E 
5. ОН e 
" д: О H ен 
Set € (^s ра | | | Y (>< 
a В H || 
0. vx 
c .0. 
[and unstable enol forms of a, Б, and с) 
маса 
Set D: NH тж 
Шыға H H 
SAB х Хх (ie, CH3CH2CH2 and CH;CHCH3) 


1.48 (a) Dimethyl ether Dimethylacetylene — cis-1,2-Dichloro-1,2-difluoroethene 


CI CI 
о CH;—C =C—CH 
сњ“ E з — C=C 3 ТИРЕ 
Е Е 
СІ СІ 
(b) “ФУ -r > 
Е Е 
H H а 
Ми a p « M 2” бі. "a 
Е S СЕС —C-m „Н = “C= 
© н" | js = \ "pe “Е 
H H H H F F 


1.49 The large lobes centered above and below the boron atom represent the 2p orbital that was 
not involved in hybridization to form the three 2522 hybrid orbitals needed for the three 
boron-fluorine covalent bonds. This orbital is not a pure 2p atomic orbital, since it is not an 
isolated atomic p orbital but rather part of a molecular orbital. Some of the other lobes in 
this molecular orbital can be seen near each fluorine atom. 


LibraryPirate 


16 THE BASICS: BONDING AND MOLECULAR STRUCTURE 


1.80 Тһе two resonance forms for this anion аге :CH5— CH =O. and CH;—CH—0: E 


The MEP indicates that the resonance contributor where the negative charge on the anion 
is on the oxygen is more important, which is what we would predict based on the fact that 
oxygen is more electronegative than carbon. 


5 5 
Resonance hybrid, CH; ===CH ===О 


Quiz 


11 Which of the following is a valid Lewis dot formula for the nitrite ion (МО; )? 


(а) :0-К-0: (Ы) :O=N—O: (0) :O—N=0: (d) Twoof 
these 
(e) None of the above 
1.2 What is the hybridization state of the boron atom in ВЕз? 


(а) з (Dp (дәр (ds? (е) өр” 
| | 
1.3 ВЕ; reacts with NH; to produce a compound, Е —B —N — Н. The hybridization state 


of B is 
РЇ Н 


(а)5 (р (е) зр (ds? (esp 


1.4 The formal charge оп М in the compound given in Problem 1.3 is 


(=> (-1 Фо (dut (942 


= 
UA 


The correct bond-line formula of the compound whose condensed formula is 
CH3CHCICH2CH(CH3)CH(CH3)2 is 


СІ CI 
(a) NY (b) 
cl cl 
(d) PM (e) pu 


1.6 Wirite another resonance structure for the acetate ion. 


Жы ++ 


Acetate ion 
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1.7 In the boxes below write condensed structural formulas for constitutional isomers of 
CH3(CH2)3CH3. 


1.8 Write a three-dimensional formula for a constitutional isomer of compound A given below. 
Complete the partial structure shown. 


Constitutional isomer of A 


1.9 Consider the molecule (CH3)3B and give the following: 


(a) Hybridization state of boron [ 

(b) Hybridization state of carbon atoms | 
(с) Formal charge оп boron [ 

(d) Orientation of groups around boron 1 
(е) Dipole moment of (CH3)3B [ 


110 Give the formal charge on oxygen in each compound. 


(a) guinem Г] 
CH3 ai _| 
о 
“AO 


111 Write another resonance structure in which all of the atoms have a formal charge of zero. 


QU " ж 
М ——— 
H Ny 
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1.12 Indicate the direction of the net dipole moment ofthe following molecule. 


cl 
Н; С... Р: 


С 
va ~ 
H3C E 


1.13 Write bond-line formulas for all compounds with the formula С)Н«О. 
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FAMILIES OF CARBON COMPOUNDS: 
FUNCTIONAL GROUPS, INTERMOLECULAR 
FORCES, AND INFRARED (IR) 
SPECTROSCOPY 


SOLUTIONS TO PROBLEMS 


2.1 


2.2 


24 


The four carbon atoms occupy different positions in the two representations (cf. rule 2, 
Sec. 1.8A). 


5+ 5 
(а) НЕ or Н—Е (с) Br—Br 
p=0D 

5+ 6- 
(b I—Br ог І--Вг (d) F—F 
p=0D 


VSEPR theory predicts a planar structure for BF3. 
E 
"s 
P E 
и -20D 


The vector sum ofthe bond moments of a trigonal planar structure would be zero, resulting 
in a prediction of н = О D for ВЕ». This correlates with the experimental observation and 
confirms the prediction of VSEPR theory. 


The shape of CCl;—CCh, (below) is such that the vector sum of all of the С--СІ bond 
moments is zero. 


су, wa 
7 

T=] 

а“ “а 


The fact that SO? has a dipole moment indicates that the molecule is angular, not linear. 


го No: е вена) 
и< 1.630 u=0D 
An angular shape is what we would expect from VSEPR theory, too. 
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2.6 Again, this is what VSEPR theory predicts. 


Ot ug net dipole 
^w. 


Hw- O 
ac 9 


27 InCFCh the large C—F bond moment opposes the С--СІ moments, leading to a net dipole 
moment inthe direction of thefluorine. Because hydrogen is much less electronegative than 
fluorine, no such opposing effect occurs in СНС; therefore, it has a net dipole moment 
that is larger and in the direction of the chlorine atoms. 


F H 
е [= | С ex 
сі” ха c а 
Smaller net Larger net 
dipole moment dipole moment 
F Е H F 
% 2 net dipole ` 2 
28 (a) C=C | 6) C=C’ н-ор 
Ж NS moment 2 54 
Н Н Е Н 
Н Е Е Е 
`2 i У 2 
жен — net dipole (d) | н-0р 
NS 
H SF a US 
H Br H H H Br 
х = $ N = "d net dipole N ж 4 
29 (a) Ра С= inoment С--С w=0D 
H % Вг Вг > е © Вг В ” s H 
5 cis i trans 
net dipole M А у 
moment Cis-trans isomers 
с 
Biy Z | Bra. Z Br - dipol ка Z Br 
(b) С--С С--С rioment Ра“ и 0р 
в “а а“ За в? “а 
set dipole cis i trans 
moment Cis-trans isomers 
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2.10 


2.16 


2.17 


(a) Poa Br and 


(c) Propyl bromide 
(e) Phenyl iodide 


(a) 5. A OH and 


OH 


w AL 


(a) ОН 
(а) чо А 


(с) ~ m" 


(e) Diisopropyl ether 

(a) Isopropylpropylamine 
(c) Methylphenylamine 
(е) ^. Ni 


(е) AN 


сн, 


(а) (е) only 
CH, 
(a) ie 
T 
(b) sp? 
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OH 
(b) = 


(b) (a,c) 


FAMILIES OF CARBON COMPOUNDS 
кр Bi 
(c) FX 


(b) Cl 


25s 


(d) Isopropyl fluoride 


AO» 
(с) + он 


(d) Methyl propyl ether 
(f) Methyl phenyl ether 


(b) Tripropylamine 
(d) Dimethylphenylamine 
(f) иа а. ог 


CH; 


(CH,)3N 


(с) (b. d. f,g) 
CH; 


+ на: — ща + а“ 


CH; 


21 


22 FAMILIES OF CARBON COMPOUNDS 


О: ог 
«1 ES .. 
Ё " m D 
is x 


2.20 


2.23 


"CN S 


= ж 
| H—Q 
O—H (0) 

+ во + HB 

© 0.- 

2 7 
Бе. н-с 
O—H “о; 


The formate ion is more stabilized by resonance because its two resonance structures are 
equivalent (Rule 4, Sec. 1.8A). 


pou "deem y + others 


"О: iu 
6 j 
CH,— C «> CH,;—C 
(9- сн;сн; N 0- CH,CH, 
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"i z 
14 С бдо+-+ CHO 
NH, NH; 


2.25 (а) “он would boil higher because its molecules can form hydrogen bonds to 
each other through the — e —H group. 


pn з 
(b) H would boil higher because its molecules can form hydrogen bonds to 


each other through the —N—H group. 


(с) НО \~ OH because by having two— 0— H groups, it can form more hydrogen 
bonds. 


2.26 Cyclopropane would have the higher melting point because its cyclic structure gives it a 
rigid compact shape that would permit stronger crystal lattice forces. 


2.27 d<a<b<c 
(c) has the highest boiling point due to hydrogen bonding involving its @—H group. 


(b) is a polar molecule due to its C—O group, hence higher boiling than the essentially 
non-polar (a) and (d). 

(a) has a higher boiling point than (d) because its unbranched structure permits more van 
der Waals attractions. 


2.28 Ifwe consider therange for carben-oxygen double bond stretching in an aldehyde or ketone 
to be typical of an unsubstituted carbonyl group, we find that carbonyl groups with an oxygen 
or other strongly electronegative atom bonded to the carbonyl group, as in carboxylic acids 
and esters, absorb at somewhat higher frequencies. On the other hand, if a nitrogen atom 
is bonded to the carbonyl group, as in an amide, then the carbonyl stretching frequency 
is lower than that of a comparable aldehyde or ketone. The reason for this trend is that 
strongly electronegative atoms increase the double bond character of the carbonyl, while 
the unshared electron pair of an amide nitrogen atom contributes to the carbonyl resonance 
hybrid to give it less double bond character. 


Functional Groups and Structural Formulas 


2.29 (a) Ketone (b) АКупе (c) Alcohol (d) Aldehyde 
(e) Alcohol (f) Alkene 


2.30 (a) Three carbon-carbon double bonds (alkene) and a 2° alcohol 
(b) Phenyl, carboxylic acid, amide, ester, and a 1° amine 
(c) Phenyl and a 1? amine 
(d) Carbon-carbon double bond and a 2? alcohol 
(e) Phenyl, ester, and a 3? amine 
(f) Carbon-carbon double bond and an aldehyde 
(g) Carbon-carbon double bond and 2 ester groups 
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B | 
| > P Де 1 8 


1° Alkyl 2° Alkyl I? Alkyl 3° Alkyl 
bromide bromide bromide bromide 
OH 
5а. Жа А ОН mw РР OH > OH 
1° Alcohol 2° Alcohol 1° Alcohol 3° Alcohol 
та за = a ^g S. 
Ether Ether Ether 


(а) 19 (02 (03* (9493 (е) 2° 


(а) 229 (Б) 1° (03. (029 (е) 22 (Ғ)32 


(b) din ОН - _ OH 


ОН 
(c) "d "s (4) Y 


Br 
"^K 
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(1) дебне МЕ (m) Мезм 
H 
о о 
(n) g^ че „чай, 
H 


Physical Properties 


2.36 (a) The O—H group of Vitamin A is the hydrophilic portion of the molecule, but the 
remainder of the molecule is not only hydrophobic but much larger. The multiple van 
der Waals attractions outweigh the effect of hydrogen bonding to water through a single 
hydroxyl group. Hence, Vitamin A is not expected to be water soluble. 


(b) For Vitamin B;, there are multiple hydrophilic sites. The carbonyl oxygen and the 
O—H of the acid function as well as the ring nitrogen can all hydrogen bond to water. 
Since the hydrophobic portion (the ring) ofthe molecule is modest in size, the molecule 
is expected to be water soluble. 


2.37 The attractive forces between hydrogen fluoride molecules are the very strong dipole-dipole 
attractions that we call hydrogen bonds. (The partial positive charge ofa hydrogen fluoride 
molecule is relatively exposed because it resides on the hydrogen nucleus. By contrast, the 
positive charge of an ethyl fluoride molecule is buried in the ethyl group and is shielded 
by the surrounding electrons. Thus the positive end of one hydrogen fluoride molecule can 
approach the negative end of another hydrogen fluoride molecule much moreclosely, with 
the result that the attractive force between them is much stronger.) 


2.38 The cis isomer is polar while the trans isomer is nonpolar (и = 0 D). The intermolecular 
attractive forces are therefore greater in the case of the cis isomer, and thus its boiling point 
should be the higher of the two. 


2.39 Because ofits ionic character—it is a true salt—the compound is water-soluble. The organic 
cation and the bromide ion are well-solvated by water molecules in a fashion similar to 
sodium bromide. The compound also is soluble in solvents of low polarity such as diethyl 
ether (though less so than in water). The hydrophobic alkyl groups can now be regarded as 
lipophilic— groups that seek a nonpolar environment. Attractive forces between the alkyl 
groups of different cations can be replaced, in part, by attractive forces (van der Waals 
forces) between these alkyl groups and ether molecules. 
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2.40 


2.41 


2.42 


(a) and (b) are polarand hence are ableto dissolve ionic compounds. (с) and ( d) are non-polar 
and will not dissolve ionic compounds. 


ноу, Тр: ВС. 
@ це EF В „С++ (h +» 0: 
ни HI N 4 
H F H3C 
F 
CI H3C 
Ha, 7 ; N 
(b) "c куша (6 | No dipole iii 6 
ня N B. moment 9 
F cl с! H 
F H 
m ae +> ӘСЕ вр. No dipole G) ае 7 
5 қР в е moment J A 
F H 
F 
(d) TM d No dipole 
А Е moment 
Е 


(a) Dimethyl ether: There are four electron pairs around Ше central oxygen: two bonding 
pairs and two nonbonding pairs. We would expect sp? hybridization of the oxygen with 
a bond angle of approximately 109.5° between the methyl groups. 


0. 


ње“ 
E © 


(b) Trimethylamine: There are four electron pairs around the central nitrogen: three bonding 
pairs and one nonbonding pair. We would expect sp? hybridization of the nitrogen with 
a bond angle of approximately 109.5° between the methyl groups. 


в>0р 


(с) Trimethylboron: There are only three bonding electron pairs around the central boron. 
We would expect sp? hybridization of the boron with a bond angle of 120° between the 
methyl groups. 


(d) Dimethylberyllium: There are only two bonding electron pairs around the central beryl- 
lium atom. We would expect sp hybridization of the beryllium atom with a bond angle 
of 180? between the methyl groups. 


H3C—Be— CH; p=0D 
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2.43 This is a special case of a Lewis acid (Ag+) — Lewis base (alkene) reaction. The product 
^N с 7 + 
can be represented by > Аг | - The filled л orbital of the alkene overlaps with the 
/% 
empty 5s orbital of Ag+ to form a а bond. Ал bond results from the overlap of the filled 
да orbital of Ар“ with an empty antibonding т” orbital of the alkene. 


2.44 Without one (or more) polar bonds, a molecule cannot possess a dipole moment and, there- 
fore, it cannot be polar. If the bonds are directed so that the bond moments cancel, however, 


the molecule will not be polar even though it has polar bonds. 


2.45 Crixivan has the following functional groups: 


3°Amine 2°Alcohol 


Aromatic 
amine 2 
C(CH3)3 Amide 


246 (a) “N+ OH because its molecules can f orm hydrogen bonds to each other through its 
= о —H group. 


HO T 
(b) Nw Sog because with two --О--Н groups, its molecules can form more 
hydrogen bonds with each other. 


(c) its as OR because its molecules can form hydrogen bonds to each other. 


(d) [— OH [same reason as (c)]. 


(e) га because its molecules can form hydrogen bonds to each other through Ше 


—N—H group. 


(f) F F because its molecules will havea larger dipole moment. ( Thetrans compound 
„ЕС will have — 0D) 


О 


(е) pw OH [same reason as (c)]. 
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(h) Nonane, because of its larger molecular weight and larger size, will have larger van der 
Waals attractions. 


(i) > O because its carbonyl group is far more polar than the double bond of = 


IR Spectroscopy 


2.47 (a) The alcohol would have a broad absorption from the O—H group in the 3200 to 
3500 ст“! region of its IR spectrum. The ether would have no such absorption. 


(с) The ketone would have a strong absorption from its carbonyl group near 1700 сіп”! in 
its IR spectrum. The alcohol would have a broad absorption due to its hydroxyl group 
in the 3200 to 3500 ст“! region of its IR spectrum. 


(d) Same rationale as for (a). 


(e) The secondary amine would have an absorption near 3300 to 3500 ст”! arising from 
N—H stretching. The tertiary amine would have no such absorption in this region since 
there is no N—H group present. 


(g) Both compounds would exhibit absorptions near 1710 to 1780 ст“! due to carbonyl 
stretching vibrations. The carboxylic acid would also have a broad absorption some- 
where between 2500 and 3500 ст“! due to its hydroxyl group. The ester would not 
have a hydroxyl absorption. 


(i) Theketone would havea strongabsorption from its carbonyl group near 1700 cm- in its 
IR spectrum. The alkene would have no such absorption but would havean absorption 
between 1620 and 1680 ст“! due to C=C stretching. 


2.48 For absorption in the infrared to occur there must be a change in the molecular dipole 
moment during the stretching process. The 3-hexyne molecule is symmetrical about the 
triple bond and so there is no change in the dipole moment accompanying the stretching. 
Hence, there is no IR absorption. 


2.49 Hydrogen bond 


Hydrogen bond 


2.80 Thereare two peaks as a result of the asymmetric and symmetric stretches of the carbonyl 


groups. 
о о 

ti || tll || 
Мо P о“ PP 
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Multiconcept Problems 


2.51 Any four of the following: 


о о HC —CH; 
| | | | А 
CH3CCH3 CH3CH,CH НС —O НС — HC— CH; 
Ketone Aldehyde Ether Ether 
НС. 
CH= СНСНОН СНҙ--СН--О--СНҢ; „CHOH 
HC 
Alkene, alcohol Alkene, ether Alcohol 


The ketone carbonyl absorption is in the 1680—1750 cm! range; that for the aldehyde is 
found in the 1690-1740 ст“! region. The C—O absorption for the ethers is observed 
at about 1125 ст“!. The C=C absorption occurs at approximately 1650 ст”. Ab- 
sorption for the (hydrogen-bonded) O—H group takes the form of a broad band in the 
3200-3550 сіп”! region. 


| т 1 Ї 
2.52 (а) CH3CH2CNH2 Se рес ш 


H H CH3 
A B С D 


(b) D, because it does not have a hydrogen that is covalently bonded to nitrogen and, there- 
fore, its molecules cannot form hydrogen bonds to each other. The other molecules 
all have a hydrogen covalently bonded to nitrogen and, therefore, hydrogen-bond 
formation is possible. With the first molecule, for example, hydrogen bonds could 
form in the following way: 


| 
О:----Н—М: 

2 S 
CH3CH)C CCH,CH; 
M # 
N—H----:0 


| = 
H 


(c 


м 


All four compounds have carbonyl group absorption at about 1650 cm~}, but the IR 
spectrum for each has a unique feature. 

A shows two N—H bands (due to symmetrical and asymmetrical stretching) in the 
3100-3400 ст”! region. 

B has a single stretching absorption band in that same region since it has only a single 
N—H bond. 

C has two absorption bands, due to the H—C bond of the aldehyde group, at about 
2820 ст“! and 2920 ст-!, as well as one for the N—H bond. 

D does not absorb in the 3100-3500 сіп”! region, as the other compounds do, since it 
does not possess a N—H bond. 
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2.53 The molecular formula requires unsaturation and/or опе or more rings. The IR data exclude 


| N =. 
8 CC у 
the functional groups: — ОН, 7 "~ and 7 7-. Oxygen (О) must be present in an 
ether linkage and there can be either a triple bond or two rings present to account for the 


low hydrogen-to-carbon ratio. These are the possible structures: 


НС--ССН;ОСН; НС == СОСНСНз СН;С--СОСН; 


JU 055 R 


о 
| | 
254 —C—C—O—C— (acyclicester) 
(СВ), 
Challenge Problems 
о 
2,55 Г» ФЕС >_< 
Н 
А B B' 


The 1780 cm-! bandis inthe general range for C=O stretching so structure В’ is considered 
one of the possible answers, but only B would have its C—O stretch at this high frequency 
(В' would be at about 1730 ст”). 


1.56 (a) Po пад 


cis 


Tus 
Tue 
Q [m 


gp 


п 


(b) The cis isomer will have the 3572 ст“! band because only in it are the two hy- 
droxyl groups close enough to permit intramolecular hydrogen-bonding. (Intermolecu- 
lar hydrogen-bonding is not possible at high dilution in a non-polar solvent like CCl4.) 
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257 @ ОН 
ae 
СН; 
С 
(b) enantiomers 
OH HO 
ww CH3 НЗС ». 
| "CH НзС""] 
Н Н 
diastereomers 
OH HO 
m СНз Н;С СА 
(Enantiomers and diastereomers 
"Нн н” are defined in Chapter 5.) 
СН; H3C 
is ~ 4 
enantiomers 


2.58 The helical structure results from hydrogen bonds formed between amide groups— 
specifically between the carbonyl group of one amide and the N—H group of another. 


9 ot 
C— N^ № 
о Bao | 
l Ға” H 
Е =, R А 
+. | Н 
y: о / 
КА ДА / 
n= NH о 
| “ж. | p 
H / —N— C—~ с 
1 R ) Ди 
| А РА R 
1 H EN 
| № 
H 
| vj ы 
Н C P d шы 
Та. Е 
C | 
РА H 
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Quiz 


2.4 Which of the following pairs of compounds is not apair of constitutional isomers? 


(a) 0.2 and 
26 ыы, 
(b) С апа QR 


О 
(с) Aou and uo, А " 


(d) СНЗСН)СЕЕСН and CH,CH=C=CH) 
(e) CH:GHCHICH, » and (CH3);CHCH(CH3); 
CH; 


2.2 Which of the answers to Problem 2.1 contains an ether group? 


2.3 Which of the following pairs of structures represents a pair of isomers? 


L -— 
(a) =" апа а 
(b) = and ч — 
т 
(c) CH;CH,CHCH,CH; and CH3CH;5CHCH3 
CH3CH3 


(d) More than one ofthese pairs are isomers. 
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w 


2.4 Give а bond-line formula for each of the following: 


(a) A tertiary alcohol with the formula 
СНО 


(b) An N,N -disubstituted amide with the 
formula САНәМО 


(c) The alkene isomer of C;H;Cl; that has 
no dipole moment 


(d) An ester with the formula С: НаО; 


(е) The isomer of C;H;Cl; that cannot 
show cis-trans isomerism 


(f) Тһе isomer of C3HgO that would have 
the lowest boiling point 


(е) The isomer of САН у N that would 
have the lowest boiling point 


ШШ 


Write the bond-line formula for a constitutional isomer of the compound shown below that 
does not contain a double bond. 


Барни | e] 
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2.6 Circlethe compound in each pair that would have the higher boiling point. 


(а) ^ ^ 0H or еді 
Н 


(b) < N—H or [№ 
о 
(с) сн; оғ 
p- wá 


о 
(4) СНз М Хон оғ сн” ~ “сн; 


О о 
(е) ү ер ог Pu 
H | 
CH; 


2.7 Give an acceptable name for each of the following: 


О 
(а) С6Н5<7 " | 
CH; 
СН; 


(c) > NH, 


Tf 
(b) lo 


LibraryPirate 


AN INTRODUCTION TO ORGANIC REACTIONS 
AND THEIR MECHANISMS: ACIDS AND BASES 


SOLUTIONS TO PROBLEMS 
ape F 
31 (а) CH,—O—H + PoE зе Sco ns 
ЈЕ Н СЕ 
каї Cl: 
(b CH3—Cl: + и ——> CH3—CI—AI—CI: 
а Cl 
ж Е 
p NG + ж 
(с) СНз —O—CH, + ie —- пре ақ: 
IF CH; :F 
3.2 (a) Lewis base (d) Lewis base 
(b) Lewis acid (e) Lewis acid 
(c) Lewis base (f) Lewis base 
н УЕ? н Е 
А ж Е = 
33 см + "дей --> мини. 
CH3 p CH, :F: 
Lewis base Lewis acid 
H30* = 
д4 (pK о э. та 


[HCO;H] 


Let x = [440] = [НСО, Таг equilibrium 
then, 0.1 — х = [HCO2H] at equilibrium 
but, since the К, is very small, x will be very small and 0.1 — x = 0.1 
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Therefore, 
0969. _ 177 x 10-4 
0.1 
x? = 177 x 107 
x = 0.0042 = [H30*] = [HCO; 1 
O+ HCe,- 
тосе БЕРІ, нау г есе EL садо 
0.1 0.1 


LEE 100 — 4.294 
"аи Sem ung 


ә 
in 


(a) pK, = —log 1077 = –—(–7) = 7 
(b) pK, = — log 5.0 = —0.669 


(c) Since the acid witha К, = 5 has а larger K,, it is the stronger acid. 


3.6 When H3O* acts as an acid in aqueous solution, the equation is 
H30* + H20 = H20 + H3O* 


and К, is 
Н2ОНзо*+ 
„ = GO = Њој 
[9307] 
The molar concentration of H20 in рше НО, that is [H20] = 55.5; therefore, Ка = 55.5 
The pK,is 


рКа = —log 55.5 = —1.74 


H 
эл | 
(а) jr © „УУ 
но o> 
(b) ==: (9) че 


3.8 The pK, of the methylaminium ion is equal to 10.6 (Section 3.6C). Since the pK, of the 
anilinium ion is equal to 4.6, the anilinium ion is a stronger acid than the methylaminium 
ion, and aniline (CgH;NH2) is a weaker base than methylamine (СН МН). 


3.9 + + мну --- „=: + МН; 


о: 
M | M | 
3.18 R—C + № EC ——- в-с Nat + 
№ F O N 
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3.11 (a) Negative. Because the atoms are constrained to one molecule in the product, they have 
to become more ordered. 


(b) Approximately zero. 
(c) Positive. Because the atoms are in two separate product molecules, they become more 
disordered. 


342 (a) IfKeq = 1 


then, 
hee 
Ease аат 
AG? = 0 
(b) If Ка = 10 
then, 
—AG? 
log Ка = 1 = ———— 
ias. 2.303RT 


АС" = —(2.303)(0.008314 kJ mol-! K-!)(298K) = —5.71 kJ тог“! 


(с) AG? = АН? — TAS? 
AG? = AH? = —5.71 kJ mol"! if AS° =0 


3.13 Structures A and B make equal contributions to the overall hybrid. This means that the 
carbon-oxygen bonds should be the same length and that the oxygens should bear equal 
negative charges. 


о: = о 
У P à 
== | = — " CH; —C, 
to- "ы 09 
А B hybrid 


314 (a) СНСЬСО,Н would be the stronger acid because the electron-withdrawing inductive 
effect of two chlorine atoms would make its hydroxyl proton more positive. The electron- 
withdrawing effect of the two chlorine atoms would also stabilize the dichloroacetate ion 
more effectively by dispersing its negative charge more extensively. 


(b) ССБСО,Н would be the stronger acid for reasons similar to those given in (a), except 
here there are three versus two electron-withdrawing chlorine atoms involved. 


(c) CH,FCO 2H would be the stronger acid because Ше electron-withdrawing effect of a 
fluorine atom is greater thanthat of a bromine atom (fluorine is more electronegative). 


(d) CH;FCO;H is the stronger acid because the fluorineatom is nearer the carboxyl group 
and is, therefore, better able to exert its electron-withdrawing inductive effect. (Remember: 
Inductive effects weaken steadily as the distance between the substituent and the acidic 
group increases.) 


= 
UA 


All compounds containing oxygen and most compounds containing nitrogen will have an 
unshared electron pair on their oxygen or nitrogen atom. These compounds can, therefore, 
actas bases and accepta proton from concentrated sulfuric acid. When they accept a proton, 
these compounds become either oxonium ions or ammonium ions, and having become ionic, 
they are soluble in the polar medium of sulfuric acid. The only nitrogen compounds that do 
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not have an electron pair on their nitrogen atom are quaternary ammonium compounds, and 
these, already being ionic, also dissolve in the polar medium of concentrated sulfuric acid. 


"али У xi methanol 


3.16 (a) CH;0—H + ІН ашы,  CHOU + н, 
Stronger acid Stronger base Weaker Weaker acid 
pK,= 16 (from NaH) base pK, = 35 
^ lle" TR ethanol pi (ы 
(b CH3CH?0—H + МН; ——— CH3CH20: + МН; 
Stronger acid Stronger base Weaker Weaker acid 
pK,=16 (from МаМН2) base pK, = 38 
МА ћ is 
() H—N—H + ~:CH)CH; QUUM. Sie 4 Cog 
H 
Stronger acid Stronger base Weaker Weaker acid 
pK, = 38 (from CH3CH)Li) base pK, =50 
Y^ 
| p 7. liq. NH 
(d) арт + Сын; No | ив, % ат 
H 
Stronger acid Stronger base Weaker Weaker acid 
pK,= 9.2 (from NaNH;) base pK, = 38 
(from NH4CI) 
Т ы H,0 8 
(9) н-о-н + :OC(CH3)3 —  H—Ó: + НОС(СН;); 
Stronger acid Stronger base Weaker Weaker acid 
pK,= 15.7 [from (CH3)3CONa] base pK,=18 


(f) No appreciable acid-base reaction would occur because НО“ is not a strong enough base 
toremove a proton from (CH3)3COH. 


h 
317 (а нс=сн + кан E, HC=CNa н, 
(b HC=CNa + DO ———> HC=CD + NaOD 
у ћехапе Е 
(9 снаснля + ро - +» СНСНОО + 1100 
(d свсвон + ман EX, снусвМа + Но 
(е) CH4CH;ONa + ТО ———> CH3CH;OT + NaOT 
hexane 


(f) CH;CH,CH2Li + го ———“> CH3CH;CHjD + 1100 
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Problems 
Brensted-Lowry Acids and Bases 
(a) МН; (the amide ion) (d) Н-С--С: (the ethynide ion) 


(b) н-- 0: (the hydroxide ion) (e) CH;0:7 (the methoxide ion) 


(c) :Н (the hydride ion) (f) H20 (water) 


“ЫН; > :Н- > H—C=C= > СНО: = н—дг > НО 


(a) H2S0, (d) NH; 
(b) H0* (e) СНзСНз 
(c) CH;NH;+ (f) CH4CO;H 


H2804 > H3O* > СНзСО2Н > CH3NH3+ > NH3 > СНзСНз 


Lewis Acids and Bases 


щаба“ те Мете 
(à CH,CH;—Cl: + Alc ——» CH,CH,—CI~AI=Cl: 


Lewis Lewis 
Це 
base acid за 
LF: 
МІ ~ um len as 
(b) CH;— OH + ВЕ; —— сн-0-в--Е: 
Lewis Lewis " | Я 
НЕ: 
Базе acid е 
y Ta 
Nu = т T 
(c) CH, — ce + ЊО: —— —» CH;—C—OH} 
CH 
р 3 А сн; 
Lewis Lewis 
acid base 
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Curved-Arrow Notation 


323 (а) cHj—0H + HCY: > сн бен + Ју 
Н 
Н 


(D CH;— NH, + НС: --- CH3;—N—H + :СІ: 


H H H H 
\ 7% ай. \ : 
(©. с=с + НОЕ: ---» +*+C—C—H + ЕЕ: 
/ \ Е. / H 
H H H H 


M 
“O° :О: ВЕз 
3.24 (а) pa 


. +. SE, 
(p О. + вв - ы 


г? он 
(c) pom --5 > = Да 


@ А oj" + CH3CH;CH9CH5--Li --- "dim Lit + CH3CH)CH)CH3 


[0] О 


(a) свсно-С-О0-н + :0—H — —- CH;CH,—C— 0: +H—O—H 


> 
~ 
n 


T: i 
МЕТТЕР аа” 355 " 
(b) CeHs—S— O--H + :0-нН ——  сбн—85—07 + H—O—H 
| | 
© 0, 


(c) No appreciable acid-base reaction takes place because СНҘСН;ОМа is too weak а 
base to remove a proton from ethyne. 


ғ) ЖО һехапе 


(d H—C=C—H_ + ':CH;CH; ---->- + H—C=C: + CH3CH3 
(from 
LiCH)CH3) 
T aa h m 
(5) CH, emn Он“ x. сонда. Е сы en o or, 
(from 
LiCH3CH3) 
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Acid-Base Strength and Equilibrium 


3.26 Because the proton attached to the highly electronegative oxygen atom of CH;OH is much 
more acidic than the protons attached to the much less electronegative carbon atom. 
КТ ME lig. NH3 “= 
3.27 CH;CH,—O—H + :C=C—H — —» CHCH —0: +H—C=C—H 
3.28 (а) pK, = — log 1.77 x 107^ = 4 — 0.248 = 3.75 
(b) Ка = 10-13 
3.29 (а) НВ is the stronger acid because it has the smaller р К,. 
(b) Yes. Since A- is the stronger base and HB is the stronger acid, the following acid-base 
reaction will take place. 
- (~ = 
АГ + Н—В — А—н + В: 
Stronger Stronger Weaker Weaker 
base acid acid base 
рК, =10 pK, =20 
v ether NT 
3.30 (а) CgHg— Cz C—H + МаМн) С6Н5— C=C: Ма + NH; 
then 
C6Hs—C=C: ма + О = СҢ-С--С-Т + маот 
(b CH; —CH—O—H + МН  ——* CH;—CH—O Ма? + H3 
CH3 CH3 
then 
CH;— CH—O- ма“ + DO | ———- CH;—CH—O—D + NaOD 
СН; СНз 
(c) CH3CH;CH;OH + ман — >  CH3CH;CH;0 Na’ + Но 
then 
CH3CH;CH;O- Ма" + D3O — =  CH3CH3CH;OD + NaOD 
3.31 (a) СНзСН2ОН > CH3CH;NH; > СН СН)СН3 


Oxygen is more electronegative than nitrogen, which is more electronegative than carbon. 
The O-H bond is most polarized, the N-H bond is next, and the C-H bond is least polarized. 


(b) CH3CH;07 < CH3CH;NH- < CH3CH;CH?7 
The weaker the acid, the stronger the conjugate base. 
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3.32 (a) СНЗСЕЕСН > CH4CH —CH; > CH3CH2CH3 


> 
pe 
> 


> 
> 


> 
2 


"л 


(b) СНЗСНСІСОН > СНЗСН2СО2Н > СНЗСН›СН:ОН 


(c) CH4CH30H5* > СНҘСНҘОН > СНЗОСНЗ 


(a) CH3NH3* < CH3NH2 < CH3NH^ 
(b) CH3O^ < СНЗМН < СНСЊУ 


(c) СНзСЕЕС- < CH4CH —CH- < CH3CH;CH;^ 


General Problems 


The acidic hydrogens must be attached to oxygen atoms. In НзРОз, one hydrogen is bonded 


to a phosphorus atom: 


[o ‘O° 
| ы "E 
№ Е он но | H 
ФО: % 
| 
H H 
4 sth / а 
(а) H—C + 0--Н —— МЕ + i 
т әш о- H 
wW 
v И 
‚== а "3 th 
(b) H— ce +~:0—H > H p б-н 
.O—CH3 :0—СНз 
:05 
E. / - 
(9 H—C —0—H в Bd + :0— СН 
:0^— CH; iH 
он 0:74 “сн, CX. > H—O—CH; + 17 
CH3 CH; 


^ | ex / " 
(e) ко ла. — > CH=Cc + EC 


CH, Cay H20—H 
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3.36 (a) Assume that ће acidic and basic groups of glycine in its two forms have acidities and 


basicities similar to those of acetic acid and methylamine. Then consider the equilibrium 
between the two forms: 


Е го: 
1 


H—N—CH,—C—O—H Hone CH,—C—6: 


| 
Н 
Stronger Stronger ада Weaker 


base acid base 


We see that the ionic form contains the groups that are the weaker acid and weaker base. 
The equilibrium, therefore, will favor this form. 


(b) The high melting point shows that the ionic structure better represents glycine. 


p" 
p 
1 


(a) The second carboxyl group of malonic acid acts as an electron-withdrawing group 
and stabilizes the conjugate base formed (і.е., HO? CCH2CO; ) when malonic acid loses a 
proton. [Any factor that stabilizes the conjugate base of an acid always increases the strength 
ofthe acid (Section 3.11C).] An important factor here may bean entropy effect as explained 
in Section 3.10. 


(b) When- 02CCH2CO32H loses a proton, it formsa dianion, "O2CCH2COz-. This dianion 
is destabilized by having two negative charges in close proximity. 


3.38 HB is the stronger acid. 


339 AG? = AH?- TAS? 
= 6.3 kJ mot! – (298 K 0.0084 kJ mol-!K-!) 
= 38 kJ mor! 


AG? 
log Ка = logKi--pKi = — 3093 Т 

AG? 
PK, = 530397 
Ж Е 3.8 kJ то!-! 
Ра = (2303X0.008314 kJ mol-!K-1)(298 К) 
pK, = 0.66 


3.40 Thedianion is a hybrid of the following resonance structures: 
в Со Os о. “а ©. E adi 
<-> Ы <-> <-> 

Y) " м e СА, 

го В. 0 Өх. то, о: о О: 
If we mentally fashion a hybrid of these structures, we see that each carbon-carbon bond 
is a single bond in three structures and a double bond in one. Each carbon-oxygen bond is 
a double bond in two structures and a single bond in two structures. Therefore, we would 


expect all of the carbon-carbon bonds to be equivalent and of the same length, and exactly 
the same can be said for the carbon-oxygen bonds. 
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Challenge Problems 


3.41 (a) A is CH3;CH2S~ B is CH3OH 
CisCH4CH;SCH;CH;O- Р is CH;CH)SCH,CH,OH 
E is ОН” 


| ae же тт, = gus РА 
(b) CH43CH,—S—-H + CH4—0:  ———»- CH3CH;—S: + CH4—0—H 


CH3CH2— S: + CH2— CH2 — —-  CH3CH?— $ — СН2СН›— О: 


D ó 
f 


CH;CH?—8—CH;CH—0: + H—O—H > 


CH3CH;—S— CH;CH;— 6—H + H—0: 


3.42 (а) CH3(CH3JgOD + CHs3(CHj)gli — > СНУСН)ВО Lit + CH3(CH;)gD 


Hexane could be used as solvent. Liquid ammonia and ethanol could not because 
they would compete with CH43(CH2)gOD and generate mostly non-deuterio-labelled 
CH3(CH2);CHs. 


(b NH; + СВСЕСН — ——* NH; + СНЗС==С: 


Hexane or liquid ammonia could be used; ethanol is too acidic and would lead to 
СНзСН2О- (ethoxide ion) instead of the desired alkynide ion. 


ы + 
(c) НСІ + (ка = (ут pai 


Hexane or ethanol could be used; liquid ammonia is too strong a base and would lead 
to NH,* instead of the desired anilinium ion. 


го: Term 
343 (ab) с & 
таты. <> ava 
| | 
CH; CH3 


The uncharged structure on the left is the more important resonance form. 


(c) Since DMF does not bind with (solvate) anions, their electron density remains high and 
their size small, both of which make nucleophiles more reactive. 
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бе, РО > Ze. + OD- 
H3C CH; H3C CHD 


45 


3.45 The most acidic hydrogen atoms in formamide are bonded to the nitrogen atom. They 
are acidic due to the electron-withdrawing effect of the carbonyl group and the fact that 
the resulting conjugate base can be stabilized by resonance delocalization of the negative 
charge into the carbonyl group. The electrostatic potential map shows deep blue color near 


the hydrogen atoms bonded to the nitrogen atom, consistent with their relative acidity. 


QUIZ 


31 Which of the following is the strongest acid? 
(a) CH3CH2CO;H (b) CH3CH3 (с) СНзСН2ОН (d) СН-+ СН» 


3.2 Which of the following is Ше strongest base? 
(a) СНзОМа (Ы) МаАМН (c) CH3CH2Li (d) NaOH (е) CH3CO2Na 


- 
ы 


Dissolving NaNH; in water will give: 

(а) A solution containing solvated Na* and NH,” ions. 

(b) A solution containing solvated Na* ions, ОН- ions, and NH3. 
(c) NH; and metallic Na. 

(d) Solvated Na* ions and hydrogen gas. 


(e) None of the above. 
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3.4 Which base is strong enough to convert (CH3)4COH into (CH3)4CONa in a reaction that 
goes to completion? 


(а) NaNH; (Ы) CH,CH;Na (с) NaOH (4) CH4CO;Na 
(e) More than one of the above. 


Uu 
„л 


Which would be the strongest acid? 
(a) CHyCH2CH2CO2H (b) CHxCH2CHFCO2H (с) CH;CHFCH,CO,H 
(d) CH2FCH2CH2C02H (е) CH3CH2CH2CH20H 


3.6 Which would be the weakest base? 
(а) CH3CO2Na (Ы) CF3CO2Na (с) CHF2CO2Na (4) CH2FCO2Na 


3.7 What acid-base reaction (if any) would occur when NaF is dissolved іп H2804? 


38 The pK, of CHiNH;* equals 10.6; the pKa of (CH3)2NH2* equals 10.7. Which is the 
stronger base, CH3NH? or (CH3);NH? 
3.9 Supplythemissing reagents. 


(a) 


CH3;CH)C=CH + [ | exam, си сн с=с: Li* + CH;CH; 


(b) 


| | 


CH3CH;C—CD + 1100 


3.10 Supply Ше missing intermediates and reagents. 


CHBr + 2и - +  LiBr 


сн; 


(с) 
| А то 
CH3CHCH,0T + ПОТ -- 
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SOLUTIONS TO PROBLEMS 


EL ae "— 


or or 
снусн,қсн; (CH),CHCH,CH,CH,CH, 
Heptane 2-Methylhexane 
or or 
CH4CH;CH(CH3)CH;CH;CH, (CH3)4CCH;CH;CH, 
3-Methylhexane 2,2-Dimethylpentane 
or or 
(CH4CH3),C(CH3), (CH3);CHCH(CH3)CH;CH; 
3,3-Dimethylpentane 2,3-Dimethylpentane 
or or 
(СН у CHCH;CH(CH3) (CH,CH,),CH 
2,4-Dimethylpentane 3-Ethylpentane 


e 


(CH3);CCH(CH3), 
2,2,3-Trimethyl butane 
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4.2 (d) it represents 3-methylpentane 


4.3 CH,CH;CH,CH;CH,CH, hexane 


+ © p donde Pw 


2-Methylheptane 3-Methylheptane 4-Methylheptane 
2,2-Dimethylhexane 2,3-Dimethylhexane 2,4-Dimethylhexane 
2.5-Dimethylhexane 3,3-Dimethylhexane 3,4-Dimethylhexane 


Ty 


3-Ethylhexane 


Aes 44. 


2,2,3- Trimethylpentane 2,2,4- Trimethylpentane 


ка a 


2,3,3- Trimethylpentane — 2,3,4-Trimethylpentane 


Kms 7 


3-Ethyl-2-methylpentane — 3-Ethyl-3-methy Ipentane 


А 


2,2,3,3-Tetramethylbutane 
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\ / 
Pentyl 1-Methylbutyl 
— EN", 
Y 4 
А 7 
\ p 
2-Methylbutyl 3-Methylbutyl 1,2-Dimethylpropyl 


7 
2 
7 d 


Ра 


1,1-Dimethylpropyl 


(b) See the answer to Review Problem 4.1 for the formulas and names of C7Hi¢ isomers. 


46 (3) LLA Лі TN 


1-Chlorobutane 1-Chloro-2-methylpropane 
Cl 
ЖУ ч Да 
2-Chlorobutane 2-Chloro-2-methylpropane 
(b L^ Br DM Br 
1-Bromopentane 1 -Bromo-3-methylbutane 
id E 
јр AS Br 
2-Bromopentane 1-Bromo-2-methylbutane 
Br 
T ка, 
3-Bromopentane 2-Bromo-3-methylbutane 


RE: 


1-Bromo-2,2-dimethylpropane 2-Bromo-2-methylbutane 
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мее РЭН 


1-Butanol 


OH 


Sos 


2-Butanol 


1-Pentanol 


OH 


PW 


2-Pentanol 


OH 


(I 


3-Pentanol 


OH 


2,2-Dimethyl- 1-propanol 


ке” 


2-Methyl-1-propanol 


4» 


2-Methyl-2-propanol 
3-Methyl-1-butanol 


Чет. 


2-Methyl-1-butanol 


3-Methyl-2-butanol 


2-Methyl-2-butanol 


4.8 (a) 1,1-Dimethylethylcyclopentane or 


tert-butylcyclopentane 


(b) 1-Methyl-2-(2-methylpropyl)cyclohexane or 
1-isobutyl-2-methylcyclohexane 


(c) Butylcyclohexane 


(d) 1-Chloro-2,4-dimethylcyclohexane 


(e) 2-Chlorocyclopentanol 


(f) 3-(1,1-Dimethylethyl)cyclohexanol or 3-tert-butylcyclohexanol 


49 (a) 2-Chlorobicyclo[1.1.0]butane 


(b) Bicyclo[3.2.1]octane 
(c) Bicyclo[2.1.1]hexane 


(d) 9-Chlorobicyclo[3.3. Ппопапе 
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(e) 2-Methylbicyclo[2.2.2]octane 


е 


Bicyclo[3.1.0]hexane ог 


bicyclo[2.1.1]hexane 
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4.10 (a) trans-3-Heptene (d) 3,5-Dimethylcyclohexene 
(b) 2,5-Dimethyl-2-octene (e) 4-Methyl-4-penten-2-ol 
(c) 4-Ethyl-2-methyl-I-hexene (f) 2-Chloro-3-methylcyclohex-3-en- 1 -ol 


411 (а) о’ ye в ww (c) ҮҮ 
Вг Ж 
(4) VHS (e) а 486 (f) 


cl 
(g) (b) DR (i) СІ 
С \ a 


CI 


DEN 


4.12 
27 BO 
1-Hexyne 2-Hexyne 3-Hexyne 3,3-Dimethyl- 
1-butyne 


3-Methyl-1-pentyne 4-Methyl-1-pentyne 4-Methyl-2-pentyne 
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4.15 


4.16 


fe НС нұс 
H3C СНз н СНз pc 
H H 


Ay Н cH, H cH, 


Potential energy ---- 


сн; сн; H CH; 

H3C H вс H н;с H нұс H 

ЕС H H CH, H3C CH; H3C H 
H H H H 

1 1 1 1 1 1 1 


0° 60° 120° 180° 240° 300° 360° 
Rotation ————» 


des AG? —1600 J тре 
о = == = === = 1. 

g tea 30387 (222303823141 K 1298 К) 

Ка = 2138 


Let e = amount of equatorial form 
anda = amount of axial form 


then, Keg = © = 21.38 
a 


e = 21.384 
21.38a 
96 e = ——————— x 100 = 95.5% 
а + 21.38a 


Br Br 
Br 


cl СІ H Cl 


(cis) (trans) (cis) (trans) 
(c) No 
(a-d) Au — d. 
More stable because Less stable because 
larger group is equatorial larger group is axial 


and so preferred at equilibrium 
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F 
Br 
4.17 ee 
cl Br 
c 


all equatorial all axial 
(more stable) (less stable) 
4.18 (ab) T SNAM 
Less stable because the large More stable because the large 
tert-butyl group is axial tert-butyl group is equatorial 
(more potential energy) (less potential energy) 
4.19 Hz 


H 
— 
Bot Pd, Pt or Ni T Pd, Pt or Ni 
pressure pressure 
X 


H2 
ве 
Pd, Pt or Ni T3 


pressure 


Н, 


Ч) 
ee Pd, Pt or Ni "e 


pressure 


4.20 (a) СвбНц = formula of alkane 
С<Н |2 = formula of 2-hexene 
Н; = difference = 1 pair of hydrogen atoms 
Index of hydrogen deficiency = 1 


(b) СвНи = formula of alkane 
CsHı2 = formula of methylcyclopentane 
Н; = difference = 1 pair of hydrogen atoms 
Index of hydrogen deficiency — 1 


(c) No, all isomers оҒС6Н 2, for example, have the same index of hydrogen deficiency. 


(d) No 
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(e) СЕН, = formula of alkane 
C&His = formula of 2-hexyne 
Н+ = difference = 2 pairs of hydrogen atoms 


Index of hydrogen deficiency = 2 


(f) С.Н» (alkane) 
СоНцв (compound) 
Hg = difference = 3 pairs of hydrogen atoms 
Index of hydrogen deficiency = 3 
The structural possibilities are thus 

3 double bonds 
1 double bond and | triple bond 
2 double bonds and 1 ring 
1 double bond and 2 rings 
3 rings 
1 triple bond and 1 ring 


4.21 (а) C,s5H32 = formula of alkane 
С Ну = formula of zingiberene 
Hs — difference — 4 pairs of hydrogen atoms 


Index of hydrogen deficiency — 4 
(b) Since 1 mol of zingiberene absorbs 3 mol of hydrogen, one molecule of zingiberene 


must contain three double bonds. (We are told that molecules of zingiberene do not 
contain any triple bonds.) 


(c) If a molecule of zingiberenehas three double bonds and an index of hydrogen deficiency 
equal to 4, it must have one ring. (The structural formula for zingiberene can be found 
in Review Problem 23.2.) 


4.22 CHO 
3 molecular formula C10H1602 
[0] 


CjoH22 = formula for alkane 
СоН в = formula for unsaturated ester (ignoring oxygens) 


Не = difference = 3 pairs of hydrogen atoms 
IHD =6 


CH,0 
molecular formula C;oHis02 
о 


Ci9H22 = formula for alkane 
СН = formula for hydrogenation product (ignoring oxygens) 


На = difference = 2 pairs of hydrogen atoms 
IHD = 4 
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Nomenclature and Isomerism 


4.24 (a) 3,3.4-Trimethylhexane 
(b) 2,2-Dimethyl-1-butanol 
(c) 3,5,7-Trimethylnonane 
(d) 3-Methyl-4-heptanol 


(e) 2-Bromobicyclo[3.3.1]nonane 
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(f) 2,5-Dibromo-4-ethyloctene 
(g) Cyclobutylcyclopentane 
(h) 7-Chlorobicyclo[2.2.1]heptane 


4.25 The two secondary carbon atoms in sec-butyl alcohol are equivalent; however, there are 
three five-carbon alcohols (pentyl alcohols) that contain a secendary carbon atom. 


не па 
426 (а) CH3—C—C—CH; (b) © 
| | 
НС СН; 


2,2,3,3-Tetramethylbutane Cyclohexane 


CH3 
(c) (d) 
а Bicyclo[2.2.2]oct. 
1,1-Dimethylcyclobutane усет едрата 


СН; 
427 СН; CT Eu 3 or PM 2,2,4-trimethylpentane 
СН; СН; 
Гн 
оа йін Нз ог v 2,3,3-trimethylpentane 
H3C СН; 
% 
СНҙ--С--СНСНҘСН; ог КА 2,2,3-trimethylpentane 
вс СН; 
a O Ff — Nx 
Cyclopentane Methylcyclobutane cis-1,2-Dimethylcyclopropane 


UA ма р 


trans-1,2-Dimethylcyclopropane 1,1-Dimethylcyclopropane — Ethylcyclopropane 
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с! H 
429 (a) $ (b) Ер (с) H^ (d) 


4.30 8-А-І-М 
For cubane, $ = 12 and A = 8. Thus 12 — 8 + 1 = N; N = 5 rings in cubane. 
4.3] (a) 


о xX 
«D го © 


4.32 A homologous series is one in which each member of the series differs from the one 
preceding it by a constant amount, usually a СН» group. A homologous series of alkyl 
halides would be the following: 


CH;X 
CH3CH2X 
CH3(CH2)2X 
CH3(CH2)3X 
CH3(CH2)4X 
etc. 


CH; 


Hydrogenation 


Р 
ip 
ре} 


Н; 
—X с Án 
Pd, Pt, or Ni 
pressure 


н; 
—— ee 
Pd, Pt, or Ni 
pressure 


Н; 
— зы 
Pd, Pt, or Ni 
pressure 


Hj 
—— ЭНИШ A 
Pd, Pt, or Ni 
pressure 


2- > O- O- 
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4.34 (a) Each of the desired alkenes must have the same carbon skeleton as 2-methylbutane, 
C 


| 
C—C —C —C;they are therefore 


кр 
Pd, Pt, or Ni 
lade ll ee 
C;H,OH 
"SS 


pressure 


= 
~ 
"л 


2,3-Dimethylbutane 


From two alkenes 


Ж н; 


— 2. 
Pd, Pt, or Ni 
pressure 


NS 


Conformations and Stability 


whee Г] & 


Least stable Most stable 


This conformation is Jess This conformation is more stable 
stable because 1,3-diaxial because 1,3-diaxial interactions with 
interactions with the large the smaller methyl group are less 
tert-butyl group cause repulsive. 


considerable repulsion. 
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(a) 


Potential Energy — —» 


H 
oe Н.С dx 
H НЗС CH; НЗС сн; H 
3 3 


1 П 1 П П 1 
0° 60° 120° 180° 240° 300° 360° 
Rotation ————> 


(b) 


Potential Energy ----- 


СН; 
кері үші MN нұс a MANN 
H3C CH; H3C СН; НАС CH, Нас CH; 

Нз CH 
1 1 1 1 1 
0° 60° 1207 180° 240° 300° 360° 
Rotation —— ——» 


4.39 (a) Pentane would boil higher because its chain is unbranched. Chain-branching lowers the 
boiling point. 


(b) Heptane would boil higherbecauseithas thelarger molecular weight and would, because 
of its larger surface area, have larger van der Waals attractions. 


(c) 2-Chloropropane because it is more polar and because it has a larger molecular weight. 
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4.40 


4.41 


4.42 


(d) 1-Propanol would boil higher because its molecules wouldbe associated witheach other 
through hydrogen-bond formation. 


(e) Propanone (CH3COCH;) would boil higher because its molecules are more polar. 


сун < | > P d 
4H 22 
5-4” 


Bicyclo[1.1.0]butane 1-Butyne 


The IR stretch at ~ 2250 ст“! for the alkyne C=C bond distinguishes these two com- 
pounds. 


trans-1,2-Dimethylcyclopropane would be more stable because there is less crowding be- 
tween its methyl groups. 


H3C Ё Е CH3 H3C Р » H 
H H H CH; 
Less stable More stable 
For 1,2-disubstituted cyclobutanes, the trans isomer is e,e; the cis isomer is а,е, and so the 


less stable of the two. For 1,3-disubstituted cyclobutanes, the cis isomer is e,e and more 
stable than the a,e trans isomer. 


Trans Cis Trans Cis 


(a) C(CH3)3 сн; 


ome LF ==. 
СН; 


More stable conformation because 
both alkyl groups are equatorial 


(b) C(CH3)3 
(CH3)3C = 
СН; 
сн; 


More stable because larger group 
is equatorial 
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( C(CH3)3 


c) 
eme Ly А 
CH3 


More stable conformation because 
both alkyl groups are equatorial 


( C(CH3)3 


d) CH3 


More stable because larger group 
is equatorial 


4.44 Certainly it is expected that the alkyl groups would prefer the equatorial disposition in a case 
suchas this, and indeed this is true in the case of all-trans-1,2,3,4,5,6-hexaethylcyclohexane, 
which does have all ethyl groups equatorial. 

Apparently, the torsional and steric effects resulting from equatorial isopropyl groups 
destabilize the all-equatorial conformation to a greater degree than axial isopropyl groups 
destabilize the all-axial conformation. The fully axial structure assigned on the basis of 
X-ray studies is also supported by calculations. 


4.45 1f the cyclobutane ring were planar, the C—Br bond moments would exactly cancel in the 
trans isomer. The fact that tra/s- 1,3-dibromocyclobutane has a dipole moment shows the 
ring is not planar. 


Ха NC 


Planar form Bent form 
p= OD Не ор 
Synthesis 


4.46 (а) Но; Pd, Pt, or Ni catalyst, pressure 
(b) Hz; Pd, Pt, or Ni catalyst, pressure 


(c) Predicted IR absorption frequencies for reactants in parts (a) and (b) are the following: 


(1) trans-5-Methyl-2-hexene has an absorption at approximately 964 cm~}, character- 
istic of C—H bending in a trans-substituted alkene. 

(2) Thealkene double bond ofthe reactant is predicted to have a stretching absorption 
between 1580 and 1680 ст-1. 
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Challenge Problems 


4.47 If trans-1,3-di-tert-butylcyclohexane were to adopt a chair conformation, one tert-butyl 
group would have to be axial. It is, therefore, more energetically favorable for the molecule 
to adopt a twist boat conformation. 


4.48 (a) More rules are needed (see Chapter 7) to indicate relative stereochemistry for these 
I-bromo-2-chloro-1-fluoroethenes. 


(b) Bicyclo[4.4.0]decane (or decalin) 
(c) Bicyclo[4.4.0]dec-2-ene (or A!-octalin) 


(d) Bicyclo[4.4.0]dec--ene (ог A! 89-octalin) 
NOTE: The common name decalin comes from decahydronaphthalene, the derivative of 
1 


8 
7 n 2 
naphthalene 4 А that has had all of its five double bonds converted 
e 
5 4 


to single bonds by addition of 10 atoms of hydrogen. Octalin similarly comes from 
octahydronaphtbalene and contains one surviving double bond. When using these com- 
mon names derived from naphthalene, their skeletons are usually numbered like that 
of naphthalene. When, as in case (d), a double bond does not lie between the indicated 
carbon and the next higher numbered carbon, its location is specified as shown. 

Also, the symbol A is one that has been used with common names to indicate the 
presence of a double bond at the position specified by the accompanying superscript 
number(s). 


449 The cyclohexane ring in trans-1-tert-butyl-3-methylcyclohexane is in a chair conformation. 
The ring in zrazis-1,3-di-£ert-butylcyclohexane is in a twist-boat conformation. In trans-1- 
tert-butyl-3-methylcyclohexane the tert-butyl group can be equatorial if the methyl group 
is axial. The energy cost of having the methyl group axial is apparently less than that for 
adopting the twist-boat ring conformation. In frans- 1,3-di-tert-butylcyclohexane the poten- 
tial energy cost of having one tert-butyl group equatorial and the other axial is apparently 
greater than having the ring adopt a twist-boat conformation so that both can be approxi- 
mately equatorial. 


= 
21 
= 


All of the nitrogen-containing five-membered rings of Vitamin В» contain at least one 
sp?-hybridized atom (in some cases there are more). These atoms, because of the trigonal 
planar geometry associated with them, impose some degree of planarity on the nitrogen- 
containing five-membered rings іп В. Furthermore, 13 atoms in sequence around the 
cobalt are sp?-hybridized, a fact that adds substantial resonance stabilization to this part of 
the ring system. The four five-membered nitrogen-containing rings that surround the cobalt 
in roughly a plane and whose nitrogens lend their unshared pairs to the cobalt comprise 
what is called a corrin ring. The corrin ring may look familiar to you, and for good reason, 
because it is related to the porphyrin ring of heme. (Additional question: What geometry is 
associated with the cobalt atom and its six bound ligands? Answer: octahedral, or square 
bipyramidal.) 


= 
UA 
- 


The form ofa benzene ring occurs 16 times in buckminsterfullerene. The other eight facets 
in the 24 faces of a “buckyball” are five-membered rings. Every carbon of buckminster- 
fullerene is approximately sp*-hybridized. 
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QUIZ 


41 Consider the properties of the following compounds: 


NAME FORMULA BOILING POINT (°C) MOLECULAR WEIGHT 
Ethane CH3CH3 —88.2 30 
Fluoromethane CH3F —78.6 34 
Methanol CH;OH +64.7 32 


Selectthe answer that explains why methanol boils so much higher than ethane or fluoro- 
methane, even though they all have nearly equal molecular weights. 


(a) Ion-ion forces between molecules. 

(b) Weak dipole-dipole forces between molecules. 
(c) Hydrogen bonding between molecules. 

(d) van der Waals forces between molecules. 


(e) Covalent bonding between molecules. 


4.2 Selectthe correct пате ofthe compound whose structure is 


(a) 2,5-Diethyl-6-methyloctane 

(b) 4,7-Diethyl-3-methyloctane 

(c) 4-Ethyl-3,7-dimethylnonane 

(d) 6-Ethyl-3,7-dimethylnonane 

(e) More than one ofthe above CH3 
4.3 Select the correct name of the compound whose structure is CH3CHCH)CI. 

(a) Butyl chloride 

(b) Isobutyl chloride 

(c) sec-Butyl chloride 

(d) tert-Butyl chloride 

(e) Morethan one ofthe above 


4.4 The structureshown in Problem 4.2 has: 
(a) 1°, 2°, and 3? carbon atoms 
(b) 1° and 2° carbon atoms only 
(c) 1° and 3° carbon atoms only 
(d) 2° and 3° carbonatoms only 


(е) 1°, 3°, and 4° carbon atoms only 
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4.5 


4.6 


4.7 


4.8 


How many isomers are possible for C;H7Br? 


(21 (М2 (03 (d4 (6) 5 


Which isomer of 1,3-dimethylcyclohexane is more stable? 


(а) св (b) trans (c) Both аге equally stable (а) Impossible to tell 


Which is the lowest energy conformation of trans-1,4-dimethylcyclohexane? 


H СН; 
(а) on. 777-08 (b) di wet 9 
H сн; 
H CH3 
© н “= и (d) па s oco H 
CH; H 


(e) Morethan one ofthe above 


Supply the missing structures 


(a) сі ring flip 
cl 


(b) 


2-Bromobicyclo[2.2. 1 Jheptane 


(с) | Newman projection for a gauche form of 1,2-dibromoethane 
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4.9 Supply the missing reagents in the box: 


ó EO 


4.10 The most stable conformation of trans-1-isopropyl-3-methylcyclohexane: 
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STEREOCHEMISTRY: 
CHIRAL MOLECULES 


SOLUTIONS TO PROBLEMS 


5.1 (a) Achiral (c) Chiral (e) Chiral (g) Chiral 
(b) Achiral (d) Chiral (f) Chiral (h) Achiral 

5.2 (a) Yes (b) No (c) No 

5.3 (a) Theyare the same molecule. (b) They are enantiomers. 


5.4 (a), (b), (e), (g), and (i) do not have chirality centers. 


cH; oi 
OE: Cl Cl Васи 
| | 
1% Пи 
CH, (1) CH, (2) 
eH, CH; 
(d Ho ¢—CH,OH HOCH;.. СН 
| | 
ii та 
CH, (1) CH, (2) 
CH; CH; 
(f) Нн. c Br Ники 
| | 
Ге it 
ы s 
CH, (1) CH, @) 


66 


CH, 
сн, 
® Н. б.н, 
CH, 


CH, 


CH, (1) 


os 
ф н- с--сНС! 


CH, 


5.5 (a) 3 ; 


Limonene 


Ж 
m 
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CH; 


CH, 


нб ый 


сн, 


сн, 


сн, (2) 


CH3 


ссн, с-н 


о 
d N * о 
N 
\ 
оо н 


Thalidomide 


О 
N= [o 
н у- м 
\ 
оо A 


(S) 
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л 
© 


л 
~ 


л 
се 


wa 
wo 


The following items possess a plane of symmetry, and are, therefore, achiral. 
(a) A screwdriver 

(b) A baseball bat (ignoring any writing on it) 

(h) A hammer 


In each instance below, the plane defined by the page is a plane of symmetry. 


(a) H (b) H (е) СНз, „И. 
с=с: 
НС" JN BC" f H CH3 
HC Е HC CH;CH, 
(е) | (i) СНз, АН 
C=C, 
mi 
СС [x CH; Хен,сн; 
снұсн, СН; 
Е Е 
ам 
нА ин 
Вг „Сі с Br 
(5) (R) 


(c) (D is (S) 
(2) is(R) 


(d) (D is (S) 
(2) is(R) 
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(f) (1) is (S) 
(2) 15 (В) 


(h) (1) is(S) 
(2) is (R) 


© (1) is (9) 
(2) is (R) 


ӘЛІ (а) —С! > SH > OH > —H 


(b —CH,Br > —CH,Cl > —CH,OH > —CH, 
(c) -OH > -СНО > —CH, > —H 

(d) —C(CH;); > —CH=CH, > —CHI(CH,), > —H 
(е) —OCH, > —N(CH;), > —CH,; > —H 

(Г) —OPO;H, > -ОН > —CHO > —H 


512 (a) (S) (b)(R) (c) (S) (d) (R) 


5.13 (a) Enantiomers 
(b) Two molecules of the same compound 


(c) Enantiomers 


(5)-(+)-Сагуопе (R)-(—)-Carvone 


observed specific rotation 


specific rotation of pure enantiomer 


5.15 (a) Enant. Excess = 
_ +1151 
= 5.756 * 
= 20.00% 


100 


(b) Since the (R) enantiomer (see Section 5.8C) is +, the (R) enantiomer is present in 
excess. 
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| 1 
| 
5.16 (а) за (6) Оз и 
но CH,—C Бал. 
Fi 5%; 
ad CH, NH; SHH NH; 
(S)-Methyldopa (S)-Penicillamine 
о 
| 
(с) e шн 
CH,—C—CH C 
й > \ 
H H CH; 


(S)-Ibuprofen 


x 


5.17 X 


но 


(А) configuration 


5.18 Тһе configuration is А at both chirality centers. 


5.19 (a) Diastereomers. 
(b) Diastereomers in each instance. 
(c) No, diastereomers have different melting points. 
(d) No, diastereomers have different boiling points. 


(e) No, diastereomers have different vapor pressures. 
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STUDY AID 
An Approach to the Classification of Isomers 


Wecanclassify isomers by asking and answering a series of questions: 


Do the compounds have the 
same molecular formula? 


Yes No 


They are not isomers. 


Are they different? 


Yes No 
They are identical. 


| Do they differ in connectivity? 


Yes No 
They are constitutional They are stereoisomers. 
isomers. Г 


Are they mirror images 


of each other? 


Yes No 
They are diastereomers. 


5.20 (a) It would be optically active. 
(b) It would be optically active. 
(c) No, because it is a meso compound. 


(d) No, because it would be a racemic form. 


5.21 (a) Represents A 
(b) Represents C 
(c) Represents B 


LibraryPirate 


72 STEREOCHEMISTRY: CHIRAL MOLECULES 


522 а) на а H H, cl 
T %, Ж. 
"è "À Р 
н с cl cl H 
(1) (2) (3) 
Re ee 
Enantiomers Meso compound 
HO OHH Hé y дон HO й OH 
(1) (2) (3) 
“ = A 
Enantiomers Meso compound 
H F H H F 
^ %, ^s, 
CI cl CI 
(Әсі a. cr > 
H F F H F H 
(1) (2) (3) 
Enantiomers Meso compound 


> ЙЕ ast Ма Жа төй. Ќа 


нон с 
(1) (2) (3) г 2 
Б-я ее а М. к 
Enantiomers Enantiomers 


H Н, Е 
< ро 
H "Br ве `H 
(3) (4) 
V ке РЕ: 
Enantiomers Enantiomers 
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H, OH HO н 
f) HOC, ^ НОС. > 
HC сор HS cons 
H OH но“ `H 
(1) (2) 


Enantiomers 


HO н 


НОС 6 сон 
H OH 
(3) 


Meso compound 


5.23 В is (2S,3S)-2,3-Dibromobutane 
С is (2R,3S)-2,3-Dibromobutane 


5.24 (а) (1) is (25,35)-2,3-Dichlorobutane 
(2) is (2R,3R)-2,3-Dichlorobutane 
(3) is (2R,35)-2,3-Dichlorobutane 


(b) (1) is (25,45)-2,4-Pentanediol 
(2) is (2R,4R)-2,4-Pentanediol 
(3) is (2R,4S)-2,4-Pentanediol 


(с) (1) is (2R,3R)-1,4-Dichloro-2,3-difluorobutane 
(2) is (28,35)-1,4-Dichloro-2,3-difluorobutane 
(3) is (2R,3S)-1,4-Dichloro-2,3-difluorobutane 


(d) (1) is (25,45)-4-Chloro-2-pentanol 
(2) is (2R,4R)-4-Chloro-2-pentanol 
(3) is (25,4 R)-4-Chloro-2-pentanol 
(4) is (2R,45)-4-Chloro-2-pentanol 


(e) (1) is (2S,3S)-2-Bromo-3-fluorobutane 
(2) is (2R,3R)-2-Bromo-3-fluorobutane 
(3) is (25,37 )-2-Вгото-3-Пиогођшапе 
(4) is (2R,35)-2-Bromo-3-fluorobutane 


(f) (1) is (2R,3R)-Butanedioic acid 
(2) is (25,3)-Butanedioic acid 
(3) is (22,3S)-Butanedioic acid 
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5.25 NO, 


joven 


H—€— мнсоснсь 
CHOH 


Chloramphenicol 


5.26 (a) А СІ, R; C2, R 


В СІ, 5; С2, 5 
(b,c) СН; 
H Br 
optically inactive, a meso compound 
H Br 
сн; 
С 


5.27 (а) Мо (6) Yes (с) № (d) Мо (e) Diastereomers 


(f) Diastereomers 


5.28 үу ra КУ 


H H H Me Me H 
Meso compound YY 
Enantiomers 
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H 
5.29 (а) A 
== = (1R,2R) 
H Br Br a Enantiomers 
H 
CI Br a (both trans) 
Br à CI H H e 
H Br 
H H 
= SQ -Q јез 
Br H H а È 
Br Cl 
a T Enantiomers 
H H cl " T (both cis) 
r 
Br H H % Е. 
pe = + (1S,2R) 
cl Br 
(b) H 
H H Я 
cl 
B мак. B C) чака 
ў вг СІ é 
Br Enantiomers 
cl ГО (both cis) 
Br cl а! 
H ҮГІП " 
и обе = (15,35) 
H H 2 
H Br 
CI 
~ === XL = ( у | (539 
5 H È 
Br E е 
Вг | Enantiomers 
H (both trans) 
Br H а 
cl у 
= a - <) ПЕ; 
H а 4 
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Br 


ра не H 
ie am t a H = в] y cl 
H 


сі Achiral (trans) 


Achiral (cis) 
5.30 See Problem 5.29. The molecules in (c) are achiral, so they have no (R-S) designation. 


(c) 


Т" 


5.31 но H H 
HOS 2-0 АНЫЎ... „глю = (S)-(—)-Isoserine 
H20 (see the following 
H OH reaction also) 
(S)-(—)-Glyceraldehyde (S)-(+)-Glyceric acid 
HO H HO H HO H 
HN ме 29 Ee ВЕ D ,"- Хр 
НВг H30* 
OH OH OH 
(S)-(—)-Isoserine (R}(+)-3-Bromo- (S)-(+)-Lactic acid 
2-hydroxypropanoic 
acid 
CHO CHO 
R S 
5.32 (a) н OH HO H 
CH OH СНОН 
(R)-Glyceraldehyde (S)-Glyceraldehyde 
COH COH 
R S 
H OH HO H 
(b R 5 
но H H OH 
COH COH 
(+)-Tartaric acid (-)-Тагіагіс acid 
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CO;H COH 
R S 
© н OH HO H 
сн; сн; 
(R)-Lactic acid (S)-Lactic acid 
Problems 


Chirality and Stereoisomerism 


5.33 (a), (b), (f), and (в) only 


$.34 (a) Seven. 


(b) (К)- and (S)-3-Methylhexane and (А)- and (S)-2,3-dimethylpentane. 


H 
H x. 
H H H о 
5,35 На 2 MU Жаа Ме 
А H HMe Ме 
© 
| 
H Я х 
(R) configuration 
5.36 (a) d (b) Two, indicated byasterisks in (a) 
* 
^ CI 
(c) Four 


(d) Because a trans arrangement of the one carbon bridge is structurally impossible. Such 
a molecule would have too much strain. 


5.37 (a) A is (2R,3S)-2,3-dichlorobutane; B is (25,35)-2,3-dichlorobutane; С is (2R,3R)-2,3- 


dichlorobutane. 


(b) A 
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CH; 


CH,CH, CH, 
CH 
5.38 (a) or mi or Г] 


"Gr ХЕ 
CH на СН; CH; CH, 
(other answers are possible) 
CH; ла answers are possible) 
сн; сн; 
(d) o and | 
A p^. CH—CH “ Ew: 
CH,CH, 2 CH=CH COH CH. 
(e) =“ : „Сиси; У Г „В 
= and = 
/ N Ж 
Н Н Н сн;сн;Сн; 


(other answers are possible) 


кл 
~ 
5 


(а) Зате: (5) 

(b) Enantiomers: [ей (5); right (R) 

(c) Diastereomers: left (15, 25); right (1 R, 2S) 
(d) Same: (1S, 2S) 

(e) Diastereomers: [е1 (15, 25); right (15, 2R) 
(f) Constitutional isomers: both achiral 

(g) Diastereomers: left, cis (4S); right, trans (4R) 
(h) Enantiomers: left (15, 3S); right (1 А, 3R) 

(i) Same: no chirality centers 

Gj) Different conformers of the same molecule (interconvertable by a ring flip): (1 R, 2S) 
(k) Diastereomers: left (17, 2S); right (17, 2R) 
(1) Same: (1А, 2S) 
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(m) Diastereomers: no chirality center in either 

(n) Constitutional isomers: no chirality center in either 
(o) Diastereomers: no chirality center in either 

(p) Same: no chirality center 


(q) Same: no chirality center 


5.40 АП of these molecules are expected to be planar. Their stereochemistry is identical to that of 
the corresponding chloroethenes. (a) can exist as cis and trans isomers. Only one compound 


exists in the case of (b) and (c). 


5.41 (a) diastereomers 


(b) enantiomers 


(c) enantiomers 


(d) same compound 


5.42 yu JH 
сњ=< сн,сн CH,—C . CH,CH 
е uus и Тал. 
C C 
7% EN 
CH, H н сн; 


D (racemic) 


CH4CH CH4CH 
3 EN 2 2“ 13 


C 
777% 
CH, H 
E (achiral) 
543 CH3 AH 
c—c—c, ра ром CH4CH;CH;CH;CH; 
"d “Н pressure 
(or enantiomer) (achiral) 
F G 


5.44 CH; " 
— 
Pd, Pt, or Nì 


К CH, 


(or enantiomer) (achiral) 
H I 
or 
CH,CH, CH;CH; 
H2 
ы— 
Pd, Pt, or Ni 

(or enantiomer) RSS (achiral) 
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5.45 
(S) 
HN | 
NAN Danse 
О (S) 
Aspartame 
CH, сн, 
546 а) N С чу ““ 
3 
(1) H3 (2) 3 (3) CH3 (4) 3 


(b) (3) and (4) are chiral and are enantiomers of each other. 


(c) Three fractions: a fraction containing (1), a fraction containing (2), and a fraction 
containing (3) and (4) [because, being enantiomers, (3) and (4) would have the same 
vapor pressure]. 


(d) None 


H H 
5.47 (a) 
Et Et 
Et Et 
H H 


(b) No, they are not superposable. 


(c) No, and they are, therefore, enantiomers of each other. 


Et Et 
(шш До 
Н Н 
Et Et 
H H 


(e) No, they are not superposable. 


(f) Yes, and they are, therefore, just different conformations of the same molecule. 


H H 
oh ceris Et d wai Es 
H H 


5.48 (а) 
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(b) Yes, and, therefore, trans-1.4-diethylcyclohexane is achiral. 
(c) No, they are different orientations of the same molecule. 


(d) Yes, cis-1,4-diethylcyclohexane is a stereoisomer (a diastereomer) of trans-1.4- 


diethylcyclohexane. 
Et 
mf cy H 
H 


cis-1,4-Diethylcyclohexane 


(e) No, it, too, is superposable on its mirror image. (Notice, too, that the plane of the page 
constitutes a plane of symmetry for both cis-1,4-diethylcyclohexane and for traris-1,4- 
diethylcyclohexane as we have drawn them.) 


5.49 trans-1,3-Diethylcyclohexane can exist in the following enantiomeric forms. 
Et Et 
1 ts H J 
H Et pe 
trans-1,3-Diethylcyclohexane enantiomers 


cis-1,3-Diethylcyclohexane consists of achiral molecules because they have a plane of 
symmetry. [The plane of the page (below) is a plane of symmetry.] 


Et 


Et 


Нн 


cis-1,3-Diethylcyclohexane (meso) 


Challenge Problems 


5.50 (а) Since it is optically active and not resolvable, it must be the meso form: 


COH (b) COH серн 
Е дон fis. с ван HOW САН 
| | | 
us oH но” Сн н Стон 
COH Сон COH 
(meso) (К, К) (5, 5) 
(c) № (d) А racemic mixture 
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== _ —30 _ 
SN А Па Неј =” 9 
Вы. т г 


(0.05 g/mL)(1.0dm) 
The tworotation values can beexplainedby recognizing thatthis is а powerfully optically 
active substance and that the first reading, assumed to be —30, was really +330. Making 
this change the [ајр becomes +3300 in both cases. 


(c) No, the apparent O rotation could actually be + or —360 (or an integral multiple of these 
values). 


5.52 Yes, it could be a meso form or an enantiomer whose chirality centers, by rare coincidence, 
happen to cancel each other's activities. 


5.53 А compound СзН4Оҙ has an index of hydrogen deficiency of 1. Thus, it could possess а 
carbon-carbon double bond, a carbon-oxygen double bond, or a ring. 
The IR spectral data rule out a carbonyl group but indicate the presence of an —-OH 
group. 
No stable structure having molecular formula C3HgO2 with a C=C bond can exist in 
stereoisomeric forms but 1,2-cyclopropanediol can exist in three stereoisomeric forms. 
Only ethylene oxide (oxirane) derivatives are possible for Y. 


CH,OH HOCH, 


QUIZ 
51 Describe the relationship between the two structures shown. 
T a 
Ha Вг СНС Br 
| | 
CI CI 
(a) Enantiomers (b) Diastereomers (c) Constitutional isomers 
(d) Conformations (e) Two molecules of the same compound 
5.2 Which of the following molecule(s) possess(es) a plane of symmetry? 
H 
Е Е 
(a Н. CC ФРС © а! 
| | Br 
Br Br H 
(d) Morethan one of these (e) None of these 
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гл 
> 


Give the (R-S) designation of the structure shown: 
о сн; 
%, 1 
но- с. С H 
cl 
(а) (А) (b) (S) (с) Мейһег, because this molecule has no chirality center. 
(d) Impossible to tell 
5.4 Selectthe words that best describethe following structure: 
єн, 


СР И 


ge Б. 
CH, 
(a) Chiral (b) Mesoform (c) Achiral (d) Hasa plane of symmetry 
(e) More than one of these 


A 
in 


Select the words that best describe what happens to the optical rotation of the alkene shown 
when it is hydrogenated to the alkane according to the following equation: 


"T 
Пао 


СН;СН»› 2. В бн. вот Ni CH,CH»... „СН 
2 pressure 

(R) CH — CH CH5CH; 

(a) Increases (b) Changes to zero (c) Changes sign 


(d) Staysthesame (e) Impossible to predict 


5.6 There are two compounds with the formula СУН that are capable of existing as enan- 
tiomers. Write three-dimensional formulas for the (S) isomer of each. 
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5.7 Compound А is optically active and 15 Ше (S ) isomer. 


H2 


> CH3CHCH2CH3 
Ni 
pressure CH2CH3 


A 


5.8 Compound B is a hydrocarbon with the minimum number of carbon atoms necessary for it 
to possess a chirality centerand, as well, alternative stereochemistries about a double bond. 


B 


щл 
© 


Which is untrue about the following structure? 


cl 


cl 


(a) It is the most stable of the possible conformations. 
(b) p= 0D 

(c) It is identical to its mirror image. 

(d) It is optically active. 

(e) (R,S) designations cannot be applied. 


5.10 CH;0H is a Fischer projection of one of stereoisomers. 
H— Qd 
HO— и —H 
H— C— ОН 
бн, 
(а) 2 (b) 3 (c) 4 (d) 7 (e) 8 
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IONIC REACTIONS — NUCLEOPHILIC 
SUBSTITUTION AND ELIMINATION 
REACTIONS OF ALKYL HALIDES 


SOLUTIONS TO PROBLEMS 


6.1 (a) cis-1-Bromo-2-methylcyclohexane 
(b) cis-1-Bromo-3-methylcyclohexane 


(c) 2,3,4-Trimethylheptane 


6.2 (a) 3° (b) vinylic (c) 2° (d) aryl (e) 1° 


6.3 (a) CH;—I: + CH,CH—0: ——» CH,—O—CH,CH; + 17 


Substrate Nucleophile Leaving 
group 
(b) 17 + CH,CH,—Br: ———- CH,CH)—I: + :Вг:- 
Nucleophile Substrate Leaving 
group 


(c) 2CH,;OH + (CHj4C— Cl: —> (CH,),C—O—CH, + :С1:7+ СН.ОН) 


Nucleophile Substrate Leaving 
group 
N: 
(d МИ. + "сем: — PW и + св 
Substrate Nucleophile Leaning 
group 
(e) за. + 2 МН, --- (y i + :Br:7 + NH} 
Substrate Nucleophile Leaving 
group 
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6.4 Transition state 
&- | 8- 
==) ве 


Free energy of 


| ГМС 1 activation 
22 Reactants 
5 
= 
2 Free- 
E energy AG" 

change 

о СГ 


Products 


Reaction coordinate ———3» 


452 BC 
чак № Q ___% pe 
6.5 (СНС Br (СН,);С + :Br: 


6.6 (a) Weknow that when a secondary alkyl halide reacts with hydroxide ion by substitution, 
the reaction occurs with inversion of configuration because the reaction 15 Sy2. If we 
know that the configuration of (—)-2-butanol (from Section 5.8C) is that shown here, 
then we can conclude that (4-)-2-chlorobutane has the opposite configuration. 


H OH он“ СІ Н 
4 «--- ^, 
| ue 4 
(R)-(—)-2-Butanol (S)-(+)-2-Chlorobutane 
[#1 25° = 13.52 Го)?” 436.00 


(b) Again the reaction is Sy2. Because we now know the configuration of (4-)-2-chlorobu- 
tane to be (5) [cf., part (а)], we сап conclude that the configuration of ( —)-2-iodobutane 


is (R). 


СІ H І H 


(S)-(+)-2-Chlorobutane (R)-(—)-2-lodobutane 


(+)-2-юдобщапе has the (S) configuration. 
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6.7 (b < (с) < (a) inorderof increasing stability 


6.8 (a,b) 


2 
енде. / оњ => |. а rs Dn 
2 


WS ще 
| (а) 
+ АТ | - НА 
CH; OH 
ене 7 OH + (СНС CH; 
By path (a) By path (b) 
6.9 сн; OCH; 


(CH3)3C оњ апі cane 77 CH; 


610 (с) is most likely to react Бу an Sy 1 mechanism because it is a tertiary alkyl halide, whereas 
(a) is primary and (b) is secondary. 


6.11 (а) Being primary halides, the reactions are most likely to Бе 5,2, with the nucleophile in 
each instance being a molecule of the solvent (i.e., a molecule of ethanol). 


(b) Steric hindrance is provided by the substituent or substituents on the carbon В to Ше 
carbon bearing the leaving group. With each addition of a methyl group at the В carbon 
(below), the number of pathways open to the attacking nucleophile becomes fewer. 


6.12 CN- > СЊО- > CH,CO; > CH4CO;H > CH4OH 
Order of decreasing nucleophilicity in methanol 
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6.13 CH3S~ > СНО” > CH3CO; > CH3SH > СНЗОН 
Order of decreasing nucleophilicity in methanol 


6.14 Protic solvents are those that have an Н bonded to an oxygen or nitrogen (or to another 
О 


strongly electronegative atom). Therefore, the protic solvents are formic acid, НСОН; 
О 


| 
formamide, НСМН; ; ammonia, NH3; and ethylene glycol, HOCH2CH20H. 
Aprotic solvents lack an H bonded to a strongly electronegative element. Aprotic sol- 
О 


vents in this list are acetone, СН,ССН;; acetonitrile, CH;C == М; sulfur dioxide, 5Оҙ; and 
trimethylamine, М(СНз)з. 


6.15 Thereaction is an 5ң2 reaction. Inthe polar aprotic solvent (DMF), the nucleophile (СМ“) 
will berelatively unencumbered by solvent molecules, and, therefore, it will be more reactive 
than in ethanol. As a result, the reaction will occur faster in N,N -dimethylformamide. 


6.16 (a) CH307 
(b) H2S 
(c) (СНз)зР 


6.17 (a) Increasing the percentage of water in the mixture increases the polarity of the solvent. 
(Water is more polar than methanol.) Increasing the polarity of the solvent increases the 
rate of the solvolysis because separated charges develop in the transition state. The more 
polar the solvent, the more the transition state is stabilized (Section 6.13D). 


(b) In ап Sy2 reaction of this type, the charge becomes dispersed inthe transition state: 


cu TF 
5 | 8- 
I + CHjCH;—CI --- ас СІ | = ICH;9CH; + СГ 
н H 
Reactants Transition state 
Charge is concentrated Charge is dispersed 


Increasing the polarity of the solvent increases the stabilization of the reactant 17 more than 
the stabilization of the transition state, and thereby increases the free energy of activation, 
thus decreasing the rate of reaction. 


6.18 CH,0SO,CF,; > СН > CH3;Br > СНС > СЊЕ > !4CH}OH 


(Most reactive) (Least reactive) 
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CH, JH 
е за " H в 
619 (а) CH,CH,O~ + YU TE. * CHCHO—C. + ма Br 
* CH;CH7 " f 
Na STR (8) (R) н СВ.СВ; 
o CH; o CH; 
| т. ~ (А inversion | ж е» 
(b) CH,;CO~ + CY Br > CCO G, + Nat Br 
Nat — снусну / s ‘CH,CH, 
H (S) (R) H 
CH, JH 
(c) Bs EE A + ма Bro 
+ ОНОН |: ч 
Ма 3772 d (S) (к) Н сн;сн; 
CH, JH 
а тена inversi А 
(d) СН;5 + Ub ce = am: + Na Br 
+  CH,CH;” ч X 
Na АНЕ а qo H CHCH; 


Relative Rates of Nucleophilic Substitution 
6.20 (a) 1-Вготоргорапе would react more rapidly because, being a primary halide, it is less 
hindered. 
(b) 1-ТодоБшапе, because iodide ion is a better leaving group than chloride ion. 


(c) 1-Chlorobutane, because the carbon bearing the leaving group is less hindered than in 
| -chloro-2-methylpropane. 


(d) i-Chloro-3-methylbutane, because the carbon bearing the leaving group is less hindered 
than in 1-chloro-2-methylbutane. 


(e) 1-Chlorohexane because it is a primary halide. Phenyl halides are unreactive in Sy2 
reactions. 
6.21 (a) Reaction (1) because ethoxide ion is a stronger nucleophile than ethanol. 


(b) Reaction (2) because the ethyl sulfide ion is a stronger nucleophile than the ethoxide 
ion ina protic solvent. (Because sulfur is larger than oxygen, the ethyl sulfide ion is less 
solvated and it is more polarizable.) 


(c) Reaction (2) because triphenylphosphine {(CgHs)3P] is a stronger nucleophile than 
triphenylamine. (Phosphorus atoms are larger than nitrogen atoms.) 


(d) Reaction (2) because іп an 542 reaction the rate depends on the concentration of the 
substrate and the nucleophile. In reaction (2) the concentration of the nucleophile is 
twice that of the reaction (1). 
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6.22 (a) Reaction (2) because bromide ion is a better leaving group than chloride ion. 


(b) Reaction (1) because water is a more polar solvent than methanol, and Sy1 reactions 
take place faster in more polar solvents. 


(c) Reaction (2) because the concentration of the substrate is twice that of reaction (1). 
The major reaction would be E2. (However, the problem asks us to consider that small 
portion of the overall reaction that proceeds by an 541 pathway.) 


(d) Considering only Sy1 reactions, as the problem specifies, both reactions would take 
place at the same rate because Sy1 reactions are independent of the concentration of the 
nucleophile. The predominant process in this pair of reactions would be E2, however. 


(e) Reaction (1) because the substrate is a tertiary halide. Phenyl halides are unreactive in 
Sn reactions. 


Synthesis 


6.23 (а) ^ Вг + NaOH —— > х ОН + NaBr 
(b ^ Br + Nal > ~~! + NaBr 
(с) Pap: ті. > Sona — Ра OA + NaBr 


(d МИ + СН,5Ма -- АВА а + NaBr 
3 


О 
Вг о 
(в) Hw + x а А. „Учи a 5. NaBr 
о 
(f) МИ + м — „Аз + NaBr 


ү 
ДРАГЕ -— МО 

ж NaB 
(М ~\ Bro + мам —— ми“ + NaBr 
М + мн — ^ SH + NaBr 


6.24 Possible methods are given here. 


(à) сња > сну ieee E 4 
CHOH CHOH 
52 52 
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(у са - 9B -= anon 
CH30H/H20 


Su2 


он“ 
d) Ха ——— >. 
(d) Cl CROHO OH 
842 


(ә сна —S4_> снузн 
CH;OH 
Ба 


SH _ 
Ф.а V ten 


CN. 
СН; CH3CN 
ee? ogee 


(h) рғ ENT жа “cn 


DMF 
я NaH СНУ 
() cHyoH < №Н 5 сома 2 3 5 снос, 
CH) CH,OH 
- NaH CHI 
"Ou aan ома —— — Mome 
cl 


ом 
Jap ан 
он 


6.25 (а) The reaction will not take place because Ше leaving group would have to be a methyl 
anion, a very powerful base, and a very poor leaving group. 


(b) The reaction will not take place because the leaving group would have to be a hydride 
ion, a very powerful base, and a very poor leaving group. 


(c) Thereaction will not take place because the leaving group would have to bea carbanion, 
a very powerful base, and a very poor leaving group. 


но“ + [ ——- | 
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(d) The reaction will not take place by an Sy2 mechanism because the substrate is а tertiary 
halide, and is, therefore, not susceptible to 542 attack because of the steric hindrance. 
(A very small amount of 541 reaction may take place, but the main reaction will be E2 
to produce an alkene.) 


(e) The reaction will not take place because the leaving group would have to be a СНО“ 
ion, a strong base, anda very poor leaving group. 


X 


:МН + cu, Сосн, —X*—- CH,NH} + CH,O- 


| 


CH,NH, + CH,OH 


(f) The reaction will not take place because the first reaction that would take place would 
be an acid-base reaction that would convert the ammonia to an ammonium ion. An 
ammonium ion, because it lacks an electron pair, is not nucleophilic. 


NH; + CHOH}  — мні + CH40H 


6.26 The better yield will be obtained by using the secondary halide, 1-bromo-1 -phenylethane, 
because the desired reaction is 22. Using the primary halide will result in substantial 5,2 
reaction as well, producing the alcohol as well as the desiredalkene. 


6.27 Reaction (2) would give the better yield because the desired reaction is an 512 reaction, 
and the substrate is a methyl halide. Use of reaction (1) would, because the substrate is a 
secondarv halide, result in considerable elimination bv an E2 pathway. 


NaH 
6.28 —— ee 
(a) pen Et,0 (Hy ие 
OH O^ Na* 


Ld. беч (NaBr) P atas 


SG 
(b) P ки що > 4. 2 E oan не 


ЕБО (-H5) 


LibraryPirate 


IONICREACTIONS 93 


) NaH E сна 

(c OH Хо Сен) O- Nat (Мар) 
о 
ғ- “сн; 
OH T Nat 
жым о Ма сны 9--сн, 
(d) Желе es —— 
о (-Н;) (-Nal) 


+ = acetone _ 
(g) Na*OH S at. Pus 
Мес айы (S)-2-Pentanol 
cl 
(в) ма! г. М, _acetone _ 
М. ТН: ew 


(S)-2-Chloro-4-methylpentane (R)-2-lodo-4-methylpentane 


Е ВО Nat is 
(i) А Uer" Ж OH 
—NaBr) 
. (А А ае. 
G) Br OCHOR 


(-NaBr) 


8: ew NS (-NaBr) 


(5)-2-ВготоБш ne 
- Еле 
ЗА paw ty Nach 
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General S41, Sy2, and Elimination 


6.29 (a) The major product would be > eae T (Бу ап 5,2 mechanism) because 


the substrate is primary and the nucleophile-base is not hindered. Some ANAN 
would be produced by an E2 mechanism. 


(b) The major product would be eS (by an E2 mechanism), even though 
the substrate is primary, because the base is a hindered strong base. Some 


жез aia “+ would be produced by an 542 mechanism. 


(c) For all practical purposes, po (by an E2 mechanism) would be the only product 
because the substrate is tertiary and the base is strong. 


(d) Same answer as (c) above. 


(e) (formed by an Sy2 mechanism) would, for all 
t-Bu I practical purposes, be the only product. Iodide ion 
is a very weak base and a good nucleophile. 


(f) Because the substrate is tertiary and the base weak, ап Sy1 reaction (solvolysis) will 
occur, accompanied by elimination (E1). At25°C, the Sy1 reaction would predominate. 


OCH, 


cl 
К - ae + 
Е У д MeOH, 25°C on Fo 
OCH; | 
t-Bu t-Bu 


(8) < [also (Z)] (by an E2 mechanism) would be the major product because 


the substrate is secondary and the base/nucleophile is a strong base. Some of the ether 
OCH3 


ee would be formed by ап Sy2 pathway. 
о 
ets 


(h) Thema jorproduct would be че а (Бу ап Sy2 mechanism) because the acetate 


ion is a weak base. Some ANS N and Ме #% might be formed by ап 22 
pathway. 


HO H 


(i) = [also (Z)] and ZN (by E2) would be major products, and > 


(5 ) isomer] (by 512) would be the minor products. 
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i OCH 
0) „кен (by Sy 1) would be the major product. „= [also (Z)], 
P aud N {also (Z)], and Е др (by El) would be minor products. 


(k) H, I 
№ e (by 542) would be the only product. 


6.30 (а), (b), and (c) are all 5,2 reactionsand, therefore, proceed with inversion of configuration. 
The products are 


H H H 
(a) (b) (с) H 
/ Pi | "E 3] D I Ке Д 
| H D 
H 


(d) is an Sul reaction. The carbocation that forms can react with either nucleophile (H20 
or СНзОН) from either the top or bottom side of the molecule. Four substitution products 
(below) would be obtained. (Considerable elimination by an E1 path would also occur.) 


OH сн; 
Н =н апа H Ea 
D D 


OCH, CH; 


H ау 57 and ИД дос 


D D 


6.31 Isobutyl bromide is more sterically hindered than ethyl bromide because of the methyl 
groups on the 8 carbon atom. 


сн; H 
= CH Bi № СН В 
ee XB Cy РО ИВЕ 
sa e; 
сн; H 
Isobutyl bromide Ethyl bromide 


This steric hindrance causes isobutyl bromide to react more slowly in $42 reactions and to 
give relatively more elimination (by an E2 path) when a strong base is used. 
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6.32 (а) 512 because the substrate is a 1° halide. 


(b) Rate = k [CH3CH2C1][I7] 
= 5 x 10-51, mol-!s-! x 0.1 mol L7! x 0.1 то“! 
Rate = 5 x 1077 mol L-!s-! 


(c) 1 x 10-6 mol L-!s7! 
(d) 1 x 10-6 mol L-!,-1 
(e) 2 x 10-6 mol L-!,-1 


6.33 (a) СН) МН because it is the stronger base. 
(b) CH4O^ because it is the stronger base. 
(c) CH3SH because sulfur atoms are larger and more polariaable than oxygen atoms. 


(d) (CgHs)3P because phosphorus atoms are larger and more polarizable than nitrogen 
atoms. 


(e) H20 because it is the stronger base. 
(f) МН; because it is the stronger base. 
(2) Н5- because it is the stronger base. 
(h) ОН“ because it is the stronger base. 


й : б: E 
63 (а HO ^^v + он === 20 — E * Ве 


NJ N+ Br 
Ж | 
H H H H 
CH, і 
_ И & | #8 и 
6.35 МЕС: + CH,CH,Br: —> =e Sear —> :N=CCH)CH; + :Вг“ 
H H 


6.36 Іойіде ion is a good nucleophile and a good leaving group; it can rapidly convert an alkyl 
chloride or alkyl bromide into an alkyl iodide, and the alkyl iodide can then react rapidly 
withanothernucleophile. With methyl bromide in water, forexample,the following reaction 
can take place: 


НО alone " 
CH; OH 2 + B 
(slower) 
CH3Br 
H,O containing 1” H,0 + 
tr 
(faster) Сну (faster) = | 
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6.37 tert-Butyl alcohol and tert-butyl methyl ether are formed via an Sy1 mechanism. The rate of 
the reaction is independent of the concentration of methoxide ion (from sodium methoxide). 
This, however, is only опе reactionthat causes rert-butyl bromide to disappear. A competing 
reaction that alsocauses tert-butyl bromideto disappear is an E2 reactionin which methoxide 
ion reacts with tert-butyl bromide. This reaction is dependent on the concentration of 
methoxide ion; therefore, increasing the methoxide ion concentration causes an increase in 
the rate of disappearance of tert-butyl bromide. 


6.38 (a) You should use a strong base, such as КО”, at a higher temperature to bring about an 
E2 reaction. 


(b) Неге we want an Sy! reaction. We use ethanol as the solvent andas the nucleophile, and 
we carry out the reaction at a low temperature so that elimination will be minimized. 


6.39 1-Bromobicyclo[2.2. ]heptane is unreactive in an 532 reaction because it is a tertiary halide 
and its ring structure makes the backside of thecarbon bearing the leaving group completely 
inaccessible to attack by a nucleophile. 


Br 


1-Bromobicyclo[2.2.1]heptane is unreactive in an Sy1 reaction because the ring structure 
makes it impossible for the carbocation that must be formed to assume the required trigo- 
nal planar geometry around the positively charged carbon. Any carbocation formed from 
1-bromobicyclo[2.2.1]heptane would have a trigonal pyramidal arrangement of the --СН2— 
groups attached to the positively charged carbon (make a model). Sucha structure does not 
allow stabilization of the carbocation by overlap of sp? orbitals from the alkyl groups (see 
Fig. 6.7). 


6.40 The cyanide ion has two nucleophilic atoms; it is what is called an ambident nucleophile. 


CEN: 
It can react with a substrate using either atom, although the carbon atom is more nucleo- 
philic. 
BI--CH,CH, + Хс==м: ——> CHCH —C=N: 
- op ^ (СА ği 
:С=М: + CH,CH,—Br —— CH,CH,—N=C: 
6.41 (a) I F (Formation ofthis product depends on the 
хх fact that bromide ion is а much better 
H H leaving group than fluoride ion.) 
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(b) СІ (Formation of this product depends on the 
SAJA greater reactivity of 1° substrates in Sy2 
reactions.) 
(с) $ S (Here two Sy2 reactions produce a cyclic 
molecule.) 
Chy 
H e > ( — (У 
(d) арми ид + Ма ERO я 8 
Nat :O 


(e) === + ма, ——— =: 
2 liq. МН; (Nal) 


6.42 The rate-determining step in Ше $ м1 reaction of tert-butyl bromide is the following: 


slow 
(CH44,C—Br ш-е- (СН;),С+ “ВЕ 


H,0 
LN (CH4),COHZ 


(СНз)зС+ is so unstable that it reacts almost immediately with one ofthe surrounding water 
molecules, and, for all practical purposes, no reverse reaction with Br^ takes place. Adding 
a common ion (Вг from NaBr), therefore, has no effect on the rate. 

Because Ше (CeHs);CH* cation is more stable, a reversible first step occurs and adding 
acommonion (Вг”) slows the overall reaction by increasing the rate at which (CeHs);CH* 
is converted back to (СН;);СНВг. 


(CsHs),CHBr === (СН) СН?  * Br 


H,O 
= (CgHs),CHOH} 


6.43 Two different mechanisms are involved. (CH3);CBr reacts by an Syl mechanism, and 
apparently this reaction takes place faster. The other three alkyl halides react by ап Sn2 
mechanism, and their reactions are slower because the nucleophile (НО) is weak. The 
reaction rates of CH3Br, CH3CH2Br, and (CH3); CHBr are affected by the steric hindrance, 
and thustheir order of reactivity is СНзВг > CH3CH2Br > (CH3))CHBr. 


6.44 The nitrite ion is an ambident nucleophile; that is, it is an ion with two nucleophilic sites. 
The equivalent oxygenatoms and the nitrogen atom are nucleophilic. 


же Nucleophilic site 


P ER M Nucleophilic site 
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6.45 (a) The transition state has the form: 
$* 8 


in which charges are developing. The more polar the solvent, the better it can solvate the 
transition state, thus lowering the free energy of activation and increasing the reaction rate. 
(b) The transition state has the form: 

5" a 


in which the charge is becoming dispersed. A polar solvent is less able to solvate this 
transition state than it is to solvate the reactant. The free energy of activation, therefore, will 
become somewhat larger as the solvent polarity increases, andthe rate will be slower. 


6.46 
e Tom 
m. а На + some alkene 


6.47 (a) шап Syl reaction the carbocation intermediate reacts rapidly with any nucleophile it 
encounters in a Lewis acid-Lewis base reaction. In the case of Ше 542 reaction, the 
leaving group departs only when “pushed out" by the attacking nucleophile and some 
nucleophiles are better than others. 


(b) 


(b) CN- is a much better nucleophile than ethanol and hence the nitrile is formed in the Sy2 


reaction of К чыл! . In the case of PA СІ, the tert-butyl cation reacts chiefly 


with the nucleophile present in higher concentration, here the ethanol solvent. 


Challenge Problems 
6.48 (a) Theentropy termis slightly favorable. (The enthalpy term is highly unfavorable.) 
(b) AG" =AH* = TAS? 


= 26.6 kJ mol"! — (298)(0.00481 kJ тог“ !) 
= 25.2 kJ mol! 


The hydrolysis process will not occur to any significant extent. 


—AG? 
ы log Kea = озат 
—25.2 kJ тој“! 
— (2.303)(0.008314 kJ mol! K-! X298 К) 
— —4.4165 


Ка = 1074419 = 3.85 x 10? 
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(d) The equilibrium is very much more favorable in aqueous solution because solvation 
of the products (ethanol, hydronium ions, and chloride ions) takes place and thereby 
stabilizes them. 


6.49 The mechanism for the reaction, in which a low concentration of OH- is used in the 
presence of Аг;0, involves the participation of the carboxylate group. In step 1 (see 
following reaction) an oxygen of the carboxylate group attacks the chirality center from 
the back side and displaces bromide ion. (Silver ion aids in this process in much the same 
way that protonation assists the ionization of an alcohol.) The configuration of the chirality 
center inverts in step 1, and a cyclic ester called an о -Іасіопе forms. 


ка 20 а. “ 7 
ж 
Step 1 NI óc | Ва | 
C -->- se 8- —> С + AgBr 
жа p 
н“ / Br, H \ Br 
CH; “А+ СН, `Ар+ CH; 


An a-lactone 


The highly strained three-membered ring of the a-lactone opens when it is attacked by a 
water molecule in step 2. This step also takes place with an inversion of configuration. 


О = 
# i: cl Pos n 
Step2 О 0: | H30 | 
Nasal OH, = 0 2% “с 5+ CEN © 
Жж. “Хон; H“ / `OH + H,0* 
сн; Н сн; 3 


The net result of two inversions (in steps 1 and 2) is an overall retention of configuration. 


H cl O KOH 
6.50 (a)and(b) Ag;O HO % inversion 
H,0 OH PCI, 
retention О inversion 
(S)-(—)-Chlorosuccinic 
H OHO acid Ho H O 
HO, 2 HO. 2 
OH OH 
о о 
(S)-(-)-Malic (R)-(+)-Malic 
acid acid 
KOH cl но 
inversion HO „АА Ag;O 
PCI, OH њо 
inversion о retention 
(R)-(-)-Chlorosuccinic 
acid 


(c) The reaction takes place with retention of configuration. 
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(d) нао 
+ 
„за 
ОСІ, 
(S)- ra )-Chlorosuccinic 
acid 
H, оно HO H О 
HO, > 
OH 
о 
(S)-(—)-Malic acid oat (+)-Malic acid 
а. а, но ОСЬ 
но, A A on 
OH 
О 
(R)-(+)-Chlorosuccinic 
acid 

H CH NF H CH, 
6.51 (a) 3 3 (b) No change of configura- 
cu 30. Xai сњо >< ль tion occurs, justa change 
A B in the relative priority of 


a group at the chirality 
center. 


6.52 Comparison of the molecular formulas of starting material and product indicates a loss of 
НСІ. The absence of IR bands in the 1620-1680 ст“! region rules out the presence of the 
alkene function. 

A nucleophilic substitution agrees with the evidence: 
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6.53 The IR evidence indicates that C possesses both an alkene function and a hydroxyl group. 
An E2 reaction on this substrate produces enantiomeric unsaturated alcohols. 
OH Br 
d 


Br = 


(R) (S) 


6.54 Regarding Ше Sy2 reaction, there is extreme steric hindrance for attack by the nucleophile 
from the back side with respect to the leaving group due to atoms on the other side of the 
rigid ring structure, as the following model shows. 


For Ше Sy1 reaction, formation of a carbocation would require that the bridgehead carbon 
approach trigonal planar geometry, which would lead to a carbocation of extremely high 
energy due to the geometric constraints of the bicyclic ring. 


6.55 The lobe of the LUMO that would accept electron density from the nucleophile is buried 
within the bicyclic ring structure of 1-bromobicyclo[2.2.1]heptane (the large blue lobe), 
effectively making it inaccessible for approach by the nucleophile. 


6.56 (a) The LUMO in an Sy] reaction is the orbital that includes the vacant p orbital in our 
simplified molecular orbital diagrams of carbocations. (b) The large lobes above and 
below the trigonal planar carbon atom of the isopropyl group are the ones that would 
interact with a nucleophile. These are the lobes associated with stylized p orbitals we 
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draw insimplified diagrams of carbocations. (c) The HOMO for this carbocation shows 
the contribution of electron density from a nonbonding electron pair of the ether oxygen 
that is adjacent to the carbocation, This is evident by the lobes that extend over these two 
atoms and encompass the bond between them. In effect, this orbital model represents 
the resonance hybrid we can draw where a nonbonding electron pair from oxygen is 
shifted to the bonding region between the carbon and oxygen. 


The HOMO of this carbocation shows "Ps 1 
А mudeophile oonld contribute contribution of electron density from tbe ' ; у 
electron density toe ithe r lobe of the ether oxygen ts би néjunot өкін У "i Eu 
carbocation p-urbim| indicated by This is evident by the lobes that encompass “ e 7а; 
(еке ames both atoms and extend over the bond ` vrac eM 


between them. These lobes are indicated by 


= ыж 


QUIZ 


61 Which set of conditions would you use to obtain the best yield in the reaction shown? 


py aha 


(a) H20, heat (b) > , 
(с) Heat alone (d) H250, 
(e) None of the above 


6.2 Which of the following reactions would give the best yield? 


да 
(a) СН.ОМа + g c 5 Y 
г 


b Д. CH;B CH p 
ш ong # CBr == CH3 нш 
h о 
(с) CHOH + p D си” Y 
Br 


6.3 А kinetic study yielded the following reaction rate data: 


Experiment Initial Concentrations Initial Rate of Disappearance of 
Number [OH] [R—Br] R—Br and Formation of Е--ОН 
1 0.50 0.50 1.00 
2 0.50 0.25 0.50 
3 0.25 0.25 0.25 
Which of the following statements best describe this reaction? 
(a) The reaction is second order. (b) The reaction is first order. 
(c) The reaction is Sy1. (d) Increasing the concentration of OH- has 


no effect on the rate. 
(e) More than one of the above. 
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64 There are four compounds with the formula C4HgBr. List them in order of decreasing 
reactivity in an Sy2 reaction. 


Supply the missing reactents, reagents, intermediates, or products. 


Жан 


© 
іл 


қуы 


A (C4HgBr) що 
dou 
A з > + 
P 
B (Major 
product) 


D Major product Minor product 


6.6 Which 5,2 reaction will occur most rapidly. (Assume the concentrations and temperatures 
are all the same.) 


(а) СВО + М; --- JM) ње 
(b CHO + 7^ — PAPE 
(<) CHO + За — жа P = gr 
(d) CHO" + Г —- page + Br" 
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6.7 Provide three-dimensional structures for the missing boxed structures and formulas for 
missing reagents. 


(5)-А (С:Н,|Вг) (5)-В (С-Н) (5)-С (СН) 
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ALKENES AND ALKYNES I: 
PROPERTIES AND SYNTHESIS. 
ELIMINATION REACTIONS 
OF ALKYL HALIDES 


SOLUTIONS TO PROBLEMS 


7.1 (а) (E)-1-Bromo-1-chloro-1-pentene ог (£ )-1-Bromo-1-chloropent-1-ene 
(b) (Е )-2-Bromo-1-chloro-1-iodo- 1 -butene or (Е )-2-Bromo-1 -chloro-1-iodobut-1-ene 
(c) (Z)-3,5-Dimethyl-2-hexene ог (Z)-3,5-Dimethylhex-2-ene 
(d) (Z)-1-Chloro-1-iodo-2-methyl-1-butene ог (Z )-1-Chloro-1-iodo-2-methylbut- 1 -ene 
(e) (Z,45)-3,4-Dimethyl-2-hexene ог (2.45 )-3,4-Dimethylhex-2-ene 


(f) (Z,38)-1-Bromo-2-chloro-3-methyl-1-hexene or 
(7,35 )-1-Bromo-2-chloro-3-methylhex- 1-ene 


72 О: (3. о - Order of increasing stability 


т Жш 3 АН?-- 119 kJ mol! 
2- n3 l-butene — pressure 
(disubstituted) 


FEN" 
———- 
Pt 


(- 


A H° = – 127 kJ mol! 
3-Methyl- 1-butene pressure 


(monosubstituted) 
`> H; аа | 
кй — 2 АН°=— 113 kJ mol 
2-Methyl-2-butene pressure 
(trisubstituted) 


(c) Yes, because hydrogenation converts each alkene into the same product. 


106 
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4 — 
ә —— > p< > 5 
(trisubstituted) (disubstituted) (monosubstituted) 


Notice that this predicted order of stability is confirmed by the heats of hydro- 
genation. 2-Methyl-2-butene evolves the least heat; therefore, it is the most stable. 
3-Methyl-1-butene evolves the most heat; therefore, it is the least stable. 


1-Pentene cis-2-Pentene trans-2-Pentene 
(f) Order of stability: trans-2-pentene > cis-2-pentene > 1-pentene 
7.4 (a) 2,3-Dimethyl-2-butene would be the more stable because the double bond is tetra- 


substituted. 2-Methyl-2-pentene has a trisubstituted double bond. 


(b) іғапз-3-Нехепе would be the more stable because alkenes with trans double bonds are 
more stable than those with cis double bonds. 


(c) cis-3-Hexene would be more stable because its double bond is disubstituted. The double 
bond of 1-hexene is monosubstituted. 


(d) 2-Methyl-2-pentene would be the more stable because its double bond is trisubstituted. 
The double bond of trans-2-hexene is disubstituted. 
7.5 The location of IR absorptions between 600 cm-! and 1000 cm~! due to out-of-plane 
bending of alkene C—H bonds can be the basis of differentiation. 


(a) 2-Methyl-2-pentene, ~800 cm-! 
2,3-Dimethyl-2-butene, no alkene C—H bonds 


(b) cis-3-Hexene, 650-750 ст”! 
trans-3-Hexene, ~960 ст”! 


(с) 1-Нехепе, ~900 ст“! and ~1000 ст”! 
cis-3-Hexene, 650-750 ст“! 


(d) trans-2-Hexene, ~960 ст”! 
2-Methyl-2-pentene, ~800 cm! 


7.6 Br 


Pe а 2 яРЕ = most 
EtOH, 55°C 
X less 


„27“ least 
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7.7 


7.8 


7.9 


Br 
кт» (trisubstituted, (monosubstituted, 
more stable) less stable) 
Major product Minor product 
Br 
(tetrasubstituted, (disubstituted, 
more stable) less stable) 
Major product Minor product 


t-BuOK in ¢-BuOH 


An anti coplanar transition state allows the molecule to assume the more stable staggered 
conf ormation, 


H 


Br 


whereas a syn coplanar transition state requires the molecule to assume the less stable 


eclipsed conformation. 
H 


Br 


cis- 1-Bromo-4-tert-butylcyclohexane can assume an anti coplanar transition state іп which 
the bulky tert-butyl group is equatorial. 


AE — XO 


The conformation (above), becauseitis relatively stable, is assumed by most of the molecules 
present, and, therefore, the reaction is rapid. 
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On the other hand, for trans-1-bromo-4-fert-butylcyclohexane to assume an anti copla- 


nar transition state, the molecule must assume a conformation in which the large tert-butyl 
group is axial: 


H ae 
Br ЕЕ H H 
TN f 
B А 


Such a conformation is of high energy; therefore, very few molecules assume this confor- 
mation. The reaction, consequently, is very slow. 


741 (a) Anti coplanar elimination can occur in two ways with the cis isomer. 


н Br (a) CM сн; 
H 
CH3 
97 ч, 
в- ^ (5) ( yos (major product) 
(b) 


cis-1-Bromo-2-methylcyclohexane 


(b) Anti coplanar elimination can occur in only one way with the trans isomer. 


trans-1-Bromo-2-methylcyclohexane 


“0: 
uM. wo di ox 
7.2. (a) (1) PH par н + H20—5—0—u 
| 
0. 


CH; ü © 
| | 
CH; fis нега ла 
CH, „О, 
1 
(2) Sy NEC сша! + н.о 
CH; CH, 


+ Р UE 
(3) CH,— CH онун + :0$03Н СН;--СН —CH, + HOSO,H 
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(b) By donating a proton to the —OH group ofthe alcohol in step (1), the acid allows the 
loss ofa relatively stable, weakly basic, leaving group (H2O) in step (2). In the absence 
of an acid, the leaving group would have to be the strongly basic ОН“ ion, and such 
steps almost never occur. 


OH 
OH 


OH 
Де 2° 3° 


Order of increasing case of dehydration 


CH; CH; 
M (x, BA = 
7.14 (1) СНССНОН + Н—А CH,;CCH,OH, + :А 
| + 
CH, CH; 
CH; CH; 


4 


(2 CH,CCH, ОН, 


+ 
CHER, + но 


CH; CH; 
1° Carbocation 
CH; CH, i CH; 


| + 
(3) E --- |CH,C—CH,| ——* CH,C—CH,—CH, 
+, 


CH, CH; 
1° Carbocation Transition state 3? Carbocation 


[Steps (2) and (3), ionization and rearrangement, may occur simultaneously.] 


CH; CH; H 
ГА 
(4) папа. — с=с, + НА 
+ 
es А- CH; CH; 


2-Methyl-2-butene 
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2 MENT (8,9) 
715 CH,CH,CHCH,—OH + H7—O—H CH,CH;CHCH;-- OH; 
| С (+H,0) | (+H,0) 
сн; H CH, 
2-Methyl-1-butanol 
н ON, 
1 2-hydrid | + "Нз 
сура i = Е сн, СНАС- сн, 
CH, CH, 
1? Cation 3° Cation 
CH;,CH=C—CH; + H,0* 
| 
CH, 
2-Methyl-2-butene 
(-H,0) (-H50) 
M 4 2 " 
CH,CHCH,CH,—OH + Н--О-Н CH4CHCH5CH5--OH 
Ы 205 x G| TILO) 3 депа 2 TES 
CH; H сн; 
3-Methyl- 1 -butanol 
H | PU T 
| 1.2-hydrid + ‘OH, 
cng- cion “= В съ CH— CH; 
snl 
CH, CH; 
СН;С--СН--СН; + НО * The hydride shift may occur simultaneously 
with the preceding step. 
CH; 
2-Methyl-2-butene 
716 HO CH, “Hs " CH, Hs 
сну P CH 
= но 3 ----- з — 
(-H50) $ 
Isoborneol 
i^ :ÓH, 
СН; q CH 
CH3 4S CH; 2 
1 
CH3 4 Сн; 
СН» 
Camphene 
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7.17 (а) Снсн==<Н; + NaNH2 —— > No reaction 


ONE GNE SN S = 
(b) СНС--С--Н + Ка : NH; -—> СН;С--С: Ма“ + :NH3 


Stronger Stronger Weaker Weaker 
acid base base acid 


(c) CH3CH;CH; + NaNH; ——» No reaction 


(d) СНС= С: + Н--ОСНҘСН; ——- CH3C==CH + :OCH?CHs 


Stronger Stronger Weaker Weaker 
base acid acid base 


tates + 
(е) СНС--С: + Н--МН; = СН.С=ЕСН + :NH3 


Stronger Stronger acid Weaker Weaker 
base acid base 


(1) 3 equiv. 
PCl; NaNH; 
0%С ineral oil, heat 
(2) НА 


7.18 


(1) 3 NaNH; 


ineral oil, heat 
(2) МН,” 


PCI 
7.19 (а) CH3CCH; + CH3CC1,CH3 


СНС Е СН 
(1) 3 NaNH, 


mineral oil, heat 
(2) NH4* 


(b) CH3;CH2CHBr3 CH3C =CH 


[same as (b)] 
(c) CH;CHBrCH,Br — — —— ——- CH3;C=CH 


Br2 [same as (b)] 
(d) CH3CH —CH5 a, ма роли > CH;C=CH 
4 


е 
Вг 
CH, CH, 


Kn Ee уе... = 
7.20 CH,—C—C=C—H + Nat :NH, ————» CH,—C—C=C: Nat 
3 2 “Сыну 3 | 
CH, CH, ) 
ы 


attempting to alkylate with a tert-butyl substrate 
would not work because elimination would occur СН; 


instead of substitution. | 
l cdi алш. 


CH, 


(Starting the synthesis with 1-propyne and | CH;—I 
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7.21 


\ 


Compound А 


(1) Li, CoHsNH;, —78°С 


12 == и И" (2) мња С "оваа МЫР з. 
2-Мопупе (Е)-2-Мопепе 
7.23 Route 1 
CH; сн; 
ка Зи а CH, — Br 
HC=CCH,CHCH, “GA, a :C— CCH;CHCH, ^ CNaBD ^ 
CH; CH; 
Xu 2 
CH,;—C=CCH,CHCH, E T d CH4CH;CH;CH;CHCH; 
pressure 
Route2 сњ 
NaNH, – _ ВЕ CHICHICHCH, 
E =e; Ма 
НСЕЕСН “сыну” не=6 (каво 
CH, CH; 
кз 2 
НС==С — CH,CH,CHCH; “Secon CH,CH,CH,CH,CHCH; 
pressure 
Route 3 
сн; сн; 
m aNH, MUN CH,CH,Br 
НС--ССНСН; сыну” Na” :C= CCHCH, (NaBr) 
= 3 Е T H, 
сы 2 
СН;СН,-С--ССНСН; Бар ТТІ. Өш CH,CH,CH,CH,CHCH, 
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Etc. (using the other alkyne 
7.24 (a) Undecane POLE St мые ыы OS = and alkyl halide 


homologue pairs) 
2 4 Y 


s MONIS CS SN. я 
ка и“ “а le t 
HCesc:- СН,СЕЕС:” CH,CH,;C=C:~ СН;СН,СН,С==С:- 
+ F + + 
X(CH34CH; х(сн,усн; X(CH5CH; х(сн,)сн; 


2-Methylheptadecane 


PTS: =» 
(after hydrogenation of 


the alkyne from poe 


+ 024 7 ТМ УУ 
one of the x А b | Т” 
possible retrosynthetic (orhomologousipairs 
disconnections) 


(Note that AR те weve. 


alkyl halide is branched at the carbon adjacent to the one which bears the halogen. 


is nota good choice because the 


work because the alkyl halide is 


Neith Id Р 
either wou P 2 


secondary. Both of these routes would lead to elimination instead of substitution.) 


(b) For any pair of reactants above that is a feasible retrosynthetic disconnection, the steps 
forthe synthesis would be 


NaNH; Е вх 
RC—C—H > R—CzsC: => R- Сс=<—Е' 
: (-NH3) : {R’ is 
(a terminal (ап alkynide ^ primary and H, 
alkyne; anion) unbranched at the Pd, Pt, or Ni 
R=alkyl, H) second carbon) pressure 


R—CH,CH,—R’ 


7.25 (а) We designate the position of the double bond by using Ше fower number of the two 
numbers of the doubly bonded carbon atoms, and the chain is numbered from the end 
nearer the double bond. The correct name is trans-2-pentene. 


“ул кој PS 
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(b) We must choose the longest chain for the base name. The correct name is 2-methyl- 


propene. 
(Y 


(c) We use the lower number of the two doubly bonded carbon atoms to designate the 
position of the double bond. The correct name is 1-methylcyclohexene. 


1 
Q 
(d) We must number the ring starting with the double bond in the direction that gives the 
substituent the lower number. The correct name is 3-methylcyclobutene. 


4 1 3 2 
not 
3 2 4 1 


(e) Wenumber in the way that gives the double bond and the substituent the lower number. 
The correct name is (Z)-2-chloro-2-butene or (Z)-2-chlorobut-2-ene. 


3 ым 2 4 A 
"das d mt ма 
Gl а 
(f) We number the ring starting with the double bond so as to give the substituents the 
lower numbers. The correct name is 3,4-dichlorocyclohexene. 


2 ша 
not 
275 3 
её * сети 
(а) (b) (c) 
= 
Вг 
Вг 
(d) HEF (еу "қ А7 "EP. 
“~~ Br 


— ка Е 
"ur о 299 


di, =a oN 
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Br 


(2Z,4R)-4-Bromo-2-hexene 
or 
(2Z,4R)-4-Bromohex-2-ene 


Br 
(2E,4R)-4-Bromo-2-hexene 
or 
(2E,AR)-4-Bromohex-2-ene 


(b A 
ан \ 


(3R,AZ)-3-Chloro-1,4-hexadiene 
or 
(3R,AZ)-3-Chlorohexa- 1,4-diene 


cl на 


(3R,AE)-3-Chloro-1,4-hexadiene 
or 
(3RAE)-3-Chlorohexa-1,4-diene 


(c) Cl 


“ 
СІН 
(2E,AR)-2,4-Dichloro-2-pentene 
or 
(2E,4R)-2,4-Dichloropent-2-ene 


cl 


на 
(2E,4S)-2,4-Dichloro-2-pentene 
or 
(2E,4S )-2,4-Dichloropent-2-ene 
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7.237 (a) fat 
н“ 


(22,45)-4-Вгото-2-ћехепе 
ог 
(22,45)-4-Вготоћех-2-епе 


Вг 
(2Е,45)-4-Вгото-2-һехеле 
ог 
(2Е,45)-4-Вготоһех-2-епе 


(35,42 )-3-Chloro- 1,4-hexadiene 
or 
(35,42 )-3-Chlorohexa-1,4-diene 


Ина 


(3S,4E )-3-Chloro-1,4-hexadiene 
or 
(3S,AE)-3-Chlorohexa-1,4-diene 


cl 4 
cl H 
(2Z,4R)-2,4-Dichloro-2-pentene 
or 
(2Z,AR)-2,4-Dichloropent-2-ene 


cl А 
H с 
(22,45 )-2,4-Dichloro-2-pentene 
or 
(22,45 )-2,4-Dichloropent-2-ene 


(d) — 


ALKENES AND ALKYNES І: 
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7 Br Br т 
H Cl Cl H 
(3R,4Z)-5-Bromo-3-chloro-4- (35,4Z)-5-Bromo-3-chloro-4- 
hexen-1-yne ћехеп- 1-упе 
ог ог 
(3R,4Z)-5-Bromo-3-chlorohex- (35,42 )-5-Bromo-3-chlorohex- 
4-en-1-yne 4-en-1-yne 
Br Br 
H Cl ан 
(ЗЮ,4Е )-5-Bromo-3-chloro-4- (3SAE )-5-Bromo-3-chloro-4- 
hexen-1-yne һехеп-1-упе 
ог ог 
(3R,4E )-5-Bromo-3-chlorohex- (3S,4E )-5-Bromo-3-chlorohex- 
4-еп-1-упе 4-еп-1-упе 


117 


An IUPAC rule covers those cases in which a double bond and a triple bond occur in the 
same molecule: 


Numbers as low as possible are given to double and triple bonds as a set, even though 
this may at times give “-упе” alower number than “-епе.” If a choice remains, preference 
for low locants is given to the double bonds.* 


*international Union of Pure and Applied Chemistry, http://www.acdlabs.com/iupac/ 


7.28 


7.29 


nomenclature/93/193_280.htm (accessed March 2003). 


(a) (E)-3,5-Dimethyl-2-hexene or (E )-3,5-dimethylhex-2-ene 


(b) 4-Chloro-3-methylcyclopentene 


(c) 6-Methyl-3-heptyne or 6-methylhept-3-yne 


(d) 1-sec-Butyl-2-methylcyclohexene or 1-methyl-2-(1-methylpropyl)cyclohexene 


(е) (4Z,3R)-3-Chloro-4-hepten-1-yne ог (4Z,3R)-3-chlorohept-4-en-1-yne 


(f) 2-Pentyl-I-heptene or 2-pentylhept-1-ene 


|-Реп!апо! 


> |-репіупе > 


(See Section 3.8 for the explanation.) 
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Synthesis 


730 (a) ^^ Cl PS 


cl 
(b) 


> 


ron 
— 3+ 
жан 
7 ЧО 
a 
он 


@ zo ZH №... жу 


Вг 
(1) ММН: (2 equiv.) . Had equiv.) 
© Ap Q)HA ^ ЕА" 
(f) == Ha ASS 
— ве?” TN 
731 (а Br 
a 
он @; 
heat 
(b) Cl 


cl ар (2 equiv.) Н, (1 equiv.) 
— =j 
Е Pt 


OH 
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ge 
(b) liq. NH Na (-NaBr) 
A 
(c) NaNH, Z “сну 
= > ==: Nat > == 
liq. NH; (Ма) 
[from (a)] 
gom m в, 
= КЪВ (P-2) Neuf 
[from (c)] 
ua SN 
(е) оу, МН» 


--- = 
(0) МЊС = 
[from (c)] NC 


(0 am 


==: Nat — № 
(-NaBr) 
[from (a)] 
С 
(B А > а e гон, Ж лиши 
liq. NH, (-Nal) 
[from (f)] 
H 
Юта ЗА и 
МВ (P-2) = 
[from (g)] 


eS 
(i) NS - (1) Li, NH3 
— 0) ма Å ÅN 
[from (g)] 
Е 


0) Г e сет NaNH, 


=: Nat ————— == ————— ==: Nat 
Nah ope N шин ~ Na 


[from (a)] 
dii Br 
E 
= р,О 

(0 ==: Nat E „=D 

[from (j)] 

D; 
(0 -= ———- 
Ni2B (P-2) == 
[from (c)] D D 


7.33 We notice that the deuterium atoms are cis to each other, and we conclude, therefore, that 
we need to choose a method that will cause a syn addition of deuterium. One way would be 
to use D2 and ametal catalyst (Section 7.14) 
сн; 


р 
С D; а 
и 
Pt D 
H 
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20 зам; O 


телега oil, heat 


Z ~ Nat 
3NaNH _ — XN NH EL РМ 1 
иннаа oil, heat 


Br 


~ Во 
(с) == BE ashi т 


(d) 


Dehydrohalogenation and Dehydration 


Etos- 


LibraryPirate 


ey?" 


NH,CI 


on 


3NaNH; 


mineral oil, heat 


UN. жен 


mineral oil, ECC IL E 


Pu 


NH,CI 


a 
о” 


NH,CI 
on 
t 
CH, HL 
С— CH; —— GA 
CH, Br Єв; 
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7.36 Dehydration of trans-2-methylcyclohexanol proceeds through the formation of a carbo- 
cation (through an E1 reaction of the protonated alcohol) and leads preferentially to the 
more stable alkene. 1-Methylcyclohexene (below) is more stable than 3-methylcyclohexene 
(the minor product ofthe dehydration) because its double bond is more highly substituted. 


CH; СН» сн; 
„ОН 
" HA 
ЕТЕ) i 
(major) (minor) 
Trisubstituted Disubstituted 
double bond double bond 


Dehydrohalogenation of trans- 1-bromo-2-methylcyclohexane is an E2 reaction and must 
proceed through an anti coplanar transition state. Such a transition state is possible only 
for the elimination leading to 3-methylcyclohexene (cf. Review Problem 7.1 1). 


ги 


) H 
H 
= CH а 
B r 3 3-Methylcyclohexene 
wares CY. 
major minor major minor 
Ж 
(b) ab ч (e) " 
only product major minor 
(c) с ad + Е” 
UR (f) 
major minor M 
(+ stereoisomer) only product 
Ва = а di e 
7.38 (a) + пари 
major minor 
major minor (+ stereoisomer) 
Z ята à = 4 
» 7 TEER + a 
major minor 
only product (+ stereoisomer) 
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oft Ier 


major minor 


7.39 (а) Br a 
Бата NEN ы. OES + ИМЕЕМ. [+(2)] 


2а major minor 
OH 
) 2%, — СІҢ 

E я only product 


Big OM ыы у only product 


Br 
(d) 
СҮ = =. Г) only product 
(е) Br "e 
----- + 
LA ыы "ш 


major minor 


[ile а. 


7.40 аны > шы > CH3CH2CH2CH2CH20H 


OH 3* OH. 2? 1" 


7.41 pn. Ha a Ма 
а) ><. haat S. 


(-H20) 
m m А на жар» ‚ыр 
Єн;О) major minor minor 
(c) о --НА > ч Н” че рй 
(n m major minor minor 


(+ се) 
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D fhe ED 


(-H20) 


major minor 
rearrangement 
ў OH ————» 
© Д Је њи ХТ: Ll 
(H20) major minor 


7.42 The alkene cannot be formed because the double bond in the product is too highly strained. 
Recall that the atoms at each carbon of a double bond prefer to be in the same plane. 


7.43 Only the deuterium atom can assume the anti coplanar orientation necessary for an E2 
reaction to occur. 


— P 
D 
қ OEt 
7.44 (a) A hydride shift occurs. 
(у сно + — hydride shift 
“Хон НА, SSF с IRE о. ‚О, 
+ (глау Бе сопсепед 
H with departure of 
the leaving group) 
rS 
d --> 2 НО 
major 
product 
(b) A methanide shift occurs. T 
2 
*OH; H же m 


> 
{= CHO) methanide 
ве 
shift 


+ но” 
major product 
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(c) A methanide shift occurs. 


AgNO; _ ашу раге 
мд, АХО тне, shift но" Y 


major product 


(d) The required anti coplanar transition state leads only to (Е) alkene: 


Index of Hydrogen Deficiency 


745 (a) Caryophyllene has the same molecular formula as zingiberene (Review Problem 4.21); 
thus it, too, has an index of hydrogen deficiency equal to 4. That 1 mol of caryophyllene 
absorbs 2 mol of hydrogen on catalytic hydrogenation indicates the presence of two 
double bonds per molecule. 


(b) Caryophyllene molecules must also have two rings. (See Review Problem 23.2 for the 
structure of caryophyllene.) 


7.46 (а) СзоНво = formula of alkane 
СзоНзо = formula of squalene 
Н}: = difference = 6 pairs of hydrogen atoms 
Index of hydrogen deficiency = 6 


(b) Molecules of squalene contain six double bonds. 


(c) Squalene molecules contain no rings. (See Review Problem 23.2 for the structural 
formula of squalene.) 


Structure Elucidation 


7.47 That I and J rotate plane-polarized light in the same direction tells us that І and J are 
not enantiomers of each other. Thus, the following are possible structures for І, J, and К. 
(The enantiomers of I, J, and K would form another set of structures, and other answers are 
possible as well.) 
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На a 
CH,CH«. c. =H x 
CH=CH, 
I CH; CH, 
Optically active i K 
ами мн Optically 
active 
CH; сн, CH,CH, 
CH, =C~ САН 
bs CH а 
2 3 Pt 
Optically active 
7.48 The following are possible structures: 
CH CH 
3 \ 3 Hy 
y | Pt 
H CHCH; pressure 
| CH 
L: CH; | 3 
CH3CH;CHCH(CH3); 
(9з N 
Optically inactive 
CH; N Биси but resolvable 
с=< H2 
H # Pt 
CH; pressure 
M 
(other answers are possible as well) 
Challenge Problems 
H H 
7.49 4-2 к: за LA 
Pt 
CH CH 
p = у > 
Optically active (the Optically inactive and 
enantiomeric form is an nonresolvable 


equally valid answer) 
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7.51 


Н CH; 
~ Ж Н, 
С--С--С Pt > CH3CH2CH2CH2CH2CH3 

РА © 

СН3СН2 Н pressure 
G H 

Optically active (the Optically inactive and 
enantiomeric form is an nonresolvable 


equally valid answer) 


(a) We are given (Section 7.3A) the following heats of hydrogenation: 


cis-2-Butene + Но Pt butane Ане = – 120 kJ mol! 


trans-2-Butene + Н; Pt, butane АН°= — 115 KJ mot! 
Thus, for 


cis-2-Butene — > trans-2-butene АН" = — 5.0 kJ mol"! 


(b) Converting cis-2-butene into trans-2-butene involves breaking the л bond. Therefore, 
we would expect the energy of activation to be at least аз large as the л -bond strength, that 
is, at least 264 kJ mol-!. 


(c) 


ме 264 kJ mol-! 


cis-2-Butene 


trans-2-Butene 


Free Energy -- 


Reaction coordinate ———> 


(a) With either the (LR,2R)- or the (15,25 )-1,2-dibromo-1,2-diphenylethane, only опе 
conformation will allow an anti coplanar arrangement of the H- and Br-. In either case, the 
elimination leads only to (Z )-1-bromo-1,2-diphenylethene: 


ae H 
B= How + „Ра Е. ж 
м C и“ 
Br Br Br Ph 


(1R,2R)-1,2-Dibromo-1,2-diphenylethane (Z )-1-Bromo-1,2-diphenylethene 
(anti coplanar orientation of H- and -Br) 


"du ^ Ln Bi д 
В Br? р “н 


(15,25) -1,2-ріБгото-1,2-ірһепуіеіћапе — (Z)-1-Bromo-1,2-diphenylethene 
(anti coplanar orientation of Н- and -Br) 
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(b) With (18,23)-1,2-dibromo-1,2-diphenylethane, only one conformation will allow ап 
anti coplanar arrangement of the H- and Br-. In either case, the elimination leads only to 
(E)-1-bromo-1,2-diphenylethene: 


£ H A р Рһ Вг H 
PÉ — "Ph 


(1R,25)-1,2-Dibromo-1,2-diphenylethane — (E)-1-Bromo-1,2-diphenylethene 
(anti coplanar orientation of H and Br) 


(c) With ( 18,25)-1,2-dibromo- 1,2-diphenylethane, only one conformation will allow ап 
anti coplanar arrangement of both bromine atoms. In this case, the elimination leads only 
to (E)-1,2-diphenylethene: 


I Lm ty ғ. Ph Ph ¿H 
PN T v НО ph 


(1R,2S)-1,2-Dibromo-1,2-diphenylethane (Е )-1,2-Diphenylethene 
(anti coplanar orientation of both -Br atoms) 


752 H3, Ni;yB(P-2) HA 
дең = -m 
(a) or Na/NH; 
= (А 


\ + 


/ 
се = Oe 


(b) No, tetrasubstituted double bonds usually show по C=C stretching absorption in their 


infrared spectra. 
153 — ба Рад Ze = У МА 
A B 
Ба + А7 Р Н 
ZY oH m Ж. and its enantiomer 
Бо - НА 5 
Фа od = О 


H 
C 


7.54 (a) Three 
(b) Six 
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QUIZ 


71 Which conditions/reagents would you employ to obtain the best yields in the following 


reaction? 
= ai A e gc 
Br 
(a) H2O/heat (c) 
Fr" heat 
(b) „Тома / “Сон (4) Reaction cannot occur as shown 


72 Which of the following names is incorrect? 
(a) 1-Butene (b) trans-2-Butene (c) (Z)-2-Chloro-2-pentene 
(d) 1,1-Dimethylcyclopentene (е) Cyclohexene 


7.3 Select the major product of the reaction 


„Тома 
МЕНЕ нии" >. 
Вг “он 


а) X (b) 


(d) 


% «М; 
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7.4 Supply the missing reagents. 


(a) 
—> trans-2-butene 
(b) 
2-Butyne »- cis-2-butene 
(c) 
» butane 


(d) | г 
Вг 
(е) р 2 
7.5 Аггапре the following alkenes in order of decreasing stability. 1-Pentene, cis-2-pentene, 
trans-2-pentene, 2-methyl-2-butene 


Most stable Least stable 


7.6 Complete the following synthesis. 


(a) 
Br 3 NaNH; 
= СС mineral oil 
к —+ 119—160°С 
(с) (b) 


NaNH) NH,Cl 
lig. NH; ч 
г “Е 
> 2-Pentyne 
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ADDITION REACTIONS 


SOLUTIONS TO PROBLEMS 
8.1 еш. 
Вг 


130 


2-Bromo- 1 -iodopropane 


Be а 
8.2 (a) ~ S Br : + Bry == 


(b) Sta 
e^ ins — Jat S ту 4 
(ұн OP 


= 6 Af IN B or PN 4% 
+ H-O — Y Dome, * 3? Carbocation 
2? Carbocation 
ж 
cl 


2 2-Chloro-2-methylbutane 
(fromrearranged carbocation) 
cl 
+ uet S 
ОГ е 2-Chloro-3-methylbutane 
(from unrearranged carbocation) 


Unrearranged 
2? Carbocation 
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(b) CI 


!,2-methanide 3-Chloro-2,2-dimethylbutane 
shift (from unrearranged carbocation) 


cl 
que Cr SAN 
~~ 
2-Chloro-2,3-dimethylbutane 


(from rearranged carbocation) 


н.о 
8.4 CH=CH + ЊОЈ ——  CHa3CH;0803H —— CH3CH2OH + H2504 


heat 
at MX 
8.5 (а) +H*+O—H == y — 
| 
H H 
(from dilute 
62504) 
| 
О-Н H OH 
ұз \ 
+ уен — 
H 
+ 
но" 


(b) Use a high concentration of water because we want the carbocation produced to react 
with water. And use a strong acid whose conjugate base is a very weak nucleophile. 
(For this reason we would not use HI, HBr, or HCI.) An excellent method, therefore, is 
to use dilute sulfuric acid. 

(c) Use a low concentration of water (i.e., use concentrated Н;504) and use a higher 
temperature to encourage elimination. Distill cyclohexene from reaction mixture as it 
is formed, so as to draw the equilibrium toward product. 


(d) 1-Methylcyclohexanol would be the product because a 3° carbocation would be formed 


as the intermediate. 
+ 677% 


+ 
+ н O—H = + ‚ж LL 
H H 
H 


QUE TN OH 


H30* 
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methanide 
migration 


Сад H : 
OH “ФУ GO 595 
H H H H 
и = ши AS 
+ 
HaO* 


8.7 The order reflects the relative ease with which these alkenes accept a proton and form a 
carbocation. (СНС == СН» reacts faster because it leads to a tertiary cation, 


CH; 
но? +/ 
(СНС СН, ———= CR 3° Carbocation 
CH; 
CH;CH= CH; leads to a secondary cation, 
H 
но” +/ 
CH,CH=CH, ———> ile i 2° Carbocation 
CH; 


and CH= СН) reacts most slowly because it leads to a primary carbocation. 


H 
H,0+ +/ Е 
СН;--СН; — —- CH;— et 1° Carbocation 
H 


Recall that formation of the carbocation is the rate-determining step in acid-catalyzed 
hydration and that the order of stabilities of carbocations is the following: 


3929 s рада 
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(1) Hg(OAc)/THF-H,O OH 
8:9 ky (2) NaBH,, OH- = 
(1) Hg(OAc)/THF-H;O 
(b) у (2) NaBH,, OH- = P 
> (1) На(ОАс)/ТНЕ-Н.О 
А 
e + (2) NaBHy, OH- ~ 


ОН 
ule di can also be used. 


ia 7 SUI. sc (А. 
810 (a) с=с + *HgOCCF; Gor ст 


HgOCCF; HgOCCF; 
6* 
T | 
-HA 
та RA. 
HgOCCF; 
о 
CH; | CH; о 
| Hg(@CCF;), | NaBH,/OH~ 
(b) СЊ—С=<Њ > CH,—C— CH3HgOCCF; - 
ТНЕ-СНЗОН demercuration 
solvomercuration ОСН; 


CH, 


CH;,CCH, + Hg + CF4COO- 


OCH; 


(c) The electron-withdrawing fluorine atoms in mercuric trifluoroacetate enhance the 
electrophilicity of the cation. Experiments have demonstrated that forthe preparation 
of tertiary alcohols in satisfactory yields, the trifluoroacetate must be used rather than 
the acetate. 


BH,THF 
аз MÀ „с рМ 
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— —— 


(ООЗ = 


(or cis isomer) 


EL а THF 
(d) 3 
syn аура ов + enantiomer 
anti Markovnikov 


CH; fis 


BH4THF 
8.12 2СН;С--СНСН; 2 > |CH;CH—CH— BH 


CH3 


Disiamylborane 


(1) BH4:ITHF 
————- 
(2) H202, OH- 


(b) Pp" GY BBE TE a PHa: THE 


(2) H202, OH- 


(1) pe THF 
22 
(c) ak 0) HO, SE пити AN 


8.13 (а) М gag” 


[or (Z) isomer] 
a) ЛОВИ, ТНЕ 
72) ноен, H,02, eH 
ДИВНМННЕ BH3:THF | 
(2) НО “оу но, OF + enantiomer 
202, à 


(e) 
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(b (1) BH: THF OH 
(2) ЊО», OH- 


BH3:THF CH3CO;D 
8.14 (а) 3CH3CHCH—CH; ----- CEREC zB = 


CH; CH; 


3 CH,CHCH;CH;D 
| 


сн; 
УВ: 
BH: THF | CH4CO;D 

(b) SENT g———— Mà M B CH—CH3 >- 

CH3 СНз 

3 iL. аи 
СН; 
ВНУТНЕ CH3 | CH,CO,D 
(c) 3 CH; ----- (+ enantiomer) —————» 
H 
7 BN 


T (+ enantiomer) 


D 
BD: THF CH,CO,T 
(d) 3 ——- Аз о 
R (+ enantiomer) 


D 
3 CH; 
T (+ enantiomer) 
H 
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Bromonium ion 


„Он ‚ОН за 
за Q по + ар. 


from (а) from ји Racemic mixture 


Because paths (a) and (b) occur 

at equal rates, these enantiomers 
are formed at equal rates and in 

equal amounts. 


.Br. 
vat 
Nu: 
Қ Nu- ЊО B X ot 
WV —HA OH 
.Br. ог Вг” 
+ 
or СТ“ 
8.17 (a) t-BuOK | 
EN + enantiomer 
CHCl; 


Су _ “вк _ Вг 
(b) CHB, > Bi 
CH3lyZn(Cu) 
—MM us 
(c) ЕО DUI 
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Ce 
ШЕТТЕГІ u) 


«МЕЗО ИЕ GERENS - pyridine, 25°C 
“@nNaiso; 0-0” NaHSO3 


8.20 of Y 
(1) OsO4, „СОмринтве aC. 25°C | 
(racemic) 


Nanso, 0” МаН50, 


(1) Оз0,, AibOshupywidue С > 25°C 
мно NaHSO; : OH (racemic) 


ANO - 
ум” MeS 


зе қай 
"(y 
СО Ba 
dT 
у 


4. 
(1) Оз " т 
8.22 (а) Q)Mes ^ - 
(b) (003 
Жа (2) Ме›5 2 е 


[ог (£) isomer] 
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о 
(1) Оз 
о( > MeS (xo + m 


8.23 Ordinary alkenes are more reactivetoward electrophilic reagents. But the alkenes obtained 
from the addition of an electrophilic reagent to an alkyne have at least one electronegative 
atom (Cl, Br, etc.) attached to a carbon atom of the double bond. 


х 
= HX / 
—с=с— — с=с 
/ \ 
H 
or 
X 
X; / 
--С--С- ——» C=C 
/ 
х 


These alkenes аге less reactive than alkynes toward electrophilic addition because the elec- 
tronegative group makes the double bond “electron poor." 


8.24 The molecular formula and the formation of octane from A and B indicate that both com- 


о 
pounds are unbranched octynes. Since A yields only "wed on ozonolysis, A 
OH 


must be the symmetrical octyne За === VE Ара absorption for B shows the 
presence of a terminal triple bond. Hence В 15 ~ УМУ === 
О 


OH 
Since С (СаН/2) gives ааа оп ozonolysis, С must be cy- 


О 
clooctyne. This is supported by the molecular formula of С and the fact that it is converted 
to D, СН, (cyclooctane), on catalytic hydrogenation. 


8.25 By converting the 3-hexyne (о cis-3-hexene using H2/Ni2B (P-2). 


yey Big” Ч' 
= — 
Ni;B(P-2) н 


H 


Then, addition of bromine to cis-3-hexene will yield (37,47), and (35,45)-3,4- 
dibromohexane as a racemic form. 


E. === Br, Br Br Br Br 
anti H yt ы — Én 
H H addition H H 
(3R, AR) (35, 4S) 
QM чыз a ——— t 


Racemic 3,4-dibromohexane 
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Alkenes and Alkvnes Reaction Tool Kit 


I OSO3H 


H Br Br OH 
(e) M on (f) м2. (2) e ж (һ) — Bp 


cl О 0 OH 
~~ © > s 3 T cn о AC on 
o OH 
0 suu. + CO, (m) OW (n) А ^ OH 


OSO3H 


1 OH 
4$ ay 497 5 
OH Br Br OH 
(e) Br Br 
(f) (g) (h) 


[9] 
(i) + o POS 09 


e 
(0 р Вр. oe m e “4 


Вг 
а 
enantiomers 
H OH OH 
(c) > Co + =. "H 
H 
enantiomers 
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Br Br о 
~ + yp T 
(d) Br Br (e) 2 
enantiomers 
8.29 (a) T (b) г (с) 
Е а с 
Вг Br Br 
Br 
(d (e) 22 
le е “NZ (f) oN 


(у зз 8. m m [An E2 reaction would take place 


when <N 
~ Ма“ is treated with ща 1 
Br 


8.30 (а) цд. (b) Br Br (c) AY 
EN 
Br Es „4 
Br 
r = 
(d) Sees © / М ылда 
Вг Вг 
(а) Мм Жаа (йу гч 
(1) T k) 7 (1) м ti 
n ( o reaction 
ы "v 
(2 molar (2 molar 
equivalents) equivalents) 
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Br 
(c) ЕТ ws (d) бй ER 
* HO 
о 
m Br 3 NaNH, 
8.32 (a) NN edi да mineral oil, 
4 heat 
Br 
= ae 
ЖА Na къс! 2 
мои — а Se др 
а t-BuOK ИЩ a 
__—————— 
(b) „ч t-BuOH, heat % Asp] 
2 NaNH ЖА Nat NH 2 
cl 2 2 4 Ж” 
(e) М ри mineral oil, “ығ bs sd 
heat 
ET 
(d) ге EO ER d xs me. ай” 
mineral oil, 
cl heat 
Ман; sage УЬ 2 
== М 
e liq. NH; У T ы 


ae ш zi 
833 (a) я 
= OH 
(b) E: кз 
——— 
EN я 
(по peroxides) Br 
съ, H20 pir 
— > С 
(с) га 1 
ОН 
(1) BHTHF ща 
9 p" ———————- OH 
ч) S (2) H202, ОН” 
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H H 
834 (a) Ат: + (b) LT ч (с) mm 
H D 


жд 
= г но--свсн, 


8.36 Therate-determining step in each reaction is the formation of a carbocation whenthealkene 
accepts aprotonfrom HI. When 2-methylpropene reacts, it forms а 3° carbocation (the most 
stable); therefore, it reacts fastest. When ethene reacts, it forms a 1° carbocation (the least 
stable); therefore, it reacts the slowest. 


fastest | 
3° Cation 
I 
ee Ho A Ie P 
~ —— a — 
2? Cation 
(x Е I 
Ж ,, oe „9 
slowest 
1° Cation 
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Е H 
он Con 
+ М Үн Loss НО 
ё (5 and | ,2-hydride 
oo ого 28 
8.37 eS H 


2° Carbocation Shin 
F І 
+ 
> 
3° Carbocation 
OH OH 
8.39 (a) 00.9204 H + enantiomer 
Е Q)NaHSO,H;0 Ото 
syn addition 
OH OH 
1) ОЗО, 
(b) Lm о as _ “Гу, + enantiomer 
NS (2) NaHSO;, H20 ” ü H 
syn addition 
Br Br 
D Ве СС, Я | 
=== э ms К, 
с Ж я enantiomer 
H H 
anti addition 
Br Br 


Во, СС! Е 
(4) ь a aS “ГІ + enantiomer 
Мита ү H = 


anti addition 
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8.40 (a) (25, 3R)- [the enantiomer 15 (27, 35)-] 
(b) (25, 35)- [the enantiomer is (2R, 3R)-] 
(с) (25, 3R)- [the enantiomer 15 (2R, 35)-] 
(d) (2S, 35)- [the enantiomer is (2R, 3R)-] 


8.41 Because ofthe electron-withdrawing nature of chlorine, the electron density at the double 
bond is greatly reduced and attack by the electrophilic bromine does not occur. 


8.42 The bicyclic compound is a trans-decalin derivative. The fused nonhalogenated ring 
preventsthe ring flip of the bromine-substituted ring necessary to give equatorial bromines. 


СН; Вг cm 
—— 
H Br H 


Diequatorial conformation 
8.43 HSO 5. HSO4- 
A — Eg В pU US а 5 е с 
cat. + 


I (major) П (minor) 
Though П is the product predicted Бу application of the Zaitsev rule, it actually is less stable 


than 1 due to crowding about the double bond. Hence 1 is the major product (by about a 4:1 
ratio). 


8.44 Theterminal alkyne component of the equilibrium established in base is converted to a salt 
by мамн;, effectively shifting the equilibrium completely to the right. 


R R R 
Ra == Seg —= > SS 


= 


NaOH is too weak a base to forma salt with the terminal alkyne. Of the equilibrium 
components with NaOH, the internal alkyne is favored since it is the most stable of these 
structures. Very small amounts of the allene and the terminal alkyne are formed. 
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8.45 AA HCO4* An Ip 
M — ы 
о 


О 
о 
go 
I 
et 
H, SO, H,O: 
"^ (IY eo = 
+ 
қ 
OH; OH 


Е 


Фа 
за 


Enantiomers of each also formed. 


8.48 (а) CioH22 (saturated alkane) 
СоН,6 (formula of myrcene) 
He = 3 pairs of hydrogen atoms 
Index of hydrogen deficiency (IHD) = 3 


(b) Myrcene contains no rings because complete hydrogenation gives СлоН22, which cor- 
responds to an alkane. 


(c) That myrcene absorbs three molar equivalents of Н» on hydrogenation indicates that it 
contains three double bonds. 
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(d) OF о 


(e) Three structures are possible; however, only one gives 2,6-dimethyloctane on complete 
hydrogenation. Myrcene is therefore 


к БРНА ҚҰ 
8.49 as dis dc ici am (b) Four 


2,6,10-Trimethyldodecane 


(1) Woa 
aes = x A s os. wae 


Ж 


Limonene 


8.52 The hydrogenation experiment discloses the carbon skeleton of the pheromone. 


2H; 
Сао “ы” 


OH СізН;О 


Codling moth 3-Ethyl-7-methy]-1-decanol 
pheromone 
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The ozonolysis experiment allows us to locate the position of the double bonds. 


General Problems 


8.53 Retrosynthetic anal ysis 


Markov- 
b d we A ЕЕ кылы + HBr 


nikov 


Br Br addition Br 
Markov- 

Е = „ч => HC=CH + ВУКУ 
nikov 

addition i 

HBr 
Synthesis ^ 
М o Њу 

нс=сн №№, we Cu E 

hs lig. NH, тайы 


Br Br 


8.54 Syn hydrogenation of the triple bond is required. So use Hz and Ni2B(P-2) or Н; and 
Lindlar’s catalyst. 


8.55 (а) 1-Pentynehas IR absorption at about 3300ст-! due to its terminal triple bond. Pentane 
does not absorb in that region. 


(b) 1-Pentene absorbs in the 1620-1680 cm"! region due to the alkene function. Pentane 
does not exhibit absorption in that region. 
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(c) See parts (a) and (b). 


(d) 1-Bromopentane shows C-Br absorption in the 515-690 ст“! region while pentane 
does not. 


(e) For 1-репіупе, see (a). The interior triple bond of 2-pentyne gives relatively weak 
absorption in the 2100-2260 ст“! region. 


(f) For 1-pentene, see (b). 1-Pentanol has a broadabsorption band in the 3200--3550 cm! 
region. 


(g) See (a) and (f). 
(h) 1-Bromo-2-pentene has double bond absorption in the 1620-1680 ст“! region which 


1-bromopentane lacks. 


(i) 2-Penten-1-ol has double bondabsorption in the 1620-1680 ст“! region not found in 
1-pentanol. 


8.56 Theindex of hydrogen deficiency of A, B, and С is two. 
CeHi4 
СвНо 
Н, = 2раігѕ of hydrogen atoms 


This result suggests the presence of a triple bond, two double bonds, a double bond and a 
ring, or two rings. 


Br А 
A,B,C Ca,” all decolorize 


cold 
concd 
H4SO4 


all soluble 


The fact that A, B, and C all decolorize Br2/CCl, and dissolve іп concd. Н;5Од suggests 
they all have a carbon-carbon multiple bond. 


xs H5 xs Но 
A,B + тай LOI на © “ы” С6Н 12 
(Сено) (Сена) (Суу) 


A must be a terminal alkyne, because of IR absorption at about 3300 ст“. 


Since A gives hexane on catalytic hydrogenation, A must be | -hexyne. 


2H; (1) КМа0,, OH; heat 
жы Т ву И Мә ы Q2 HO 
71 3 
О 


+ со 
> 5 24 
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This is confirmed by the oxidation experiment 


о 


(1) KMnO,, OH; heat "we 
---------------Э- 
2 он 


(2) но" 


Hydrogenation of В to hexane shows that its chain is unbranched, and the oxidation 
experiment shows that B is 3-hexyne, == 


Hydrogenation of C indicates a ring is present. 


Oxidation of C shows that it is cyclohexene. 


(1) KMnO, ОН“, heat о 
> OH 
а (2) но” НО 


о 


8.57 (а) Ғош 


(b) CH4(CH3)s СН; (CH25CO3H + enantiomer 
Z 
== 
на H H 
CH3(CH5)5 „св: JH + enantiomer 
X PR 
но 7 H (CH5);CO;H 


8.58 Hydroxylations by OsO, are syn hydroxylations (cf. Section 8.16). Thus, maleic acid must 
be the cis-dicarboxylic acid: 


НОС он 
Hes COW (1) 0504, pyr H ee 2 
| (2) NaHSO4/H20 | 
C syn hydroxylation ТЕС 
H^ ~ Свон НО С у ў OH 
Maleic acid 


meso-Tartaric acid 


Fumaric acid must be the trans-dicarboxylic acid: 


НОС он но COH 


H COH (1) О504, руг 


“ы” не“ “ЕН 
с (2) манвоуньо 7% " T p^ 
Рот syn hydroxylation H „С С... 
HO;C H y “он mno VH 
НОС COH 
Fumaric acid (+)-Tartaric acid 
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8.59 (a) The addition of bromine is an anti addition. Thus, fumaric acid yields a meso com- 


pound. 
HOC НОС 
H COH 4 В * „Вг 
“с 2 „а He c^ не 
Ц и addition l = | 
нос” “н Br М“Н НОС" “в; 
СОН H 
A meso compound 
(b) Maleic acid adds bromine to yield a racemic form. 
H 
8.60 4 AICI, ма Уа" Y 

— — adn ----->- ri 

cl *:Cl: AIC -Ht 

ey P db i d Hydride 
и |. shift 
Less More 
= ae d 
Methanid 
shift 
т 
d + 7 + ER V 
Most Less Least 
ел ел 


Each carbocation can combine with chloride ion to form a racemic alkyl chloride. 


8.61 Thecatalytic hydrogenation involves syn addition of hydrogen to the predominantly less hin- 
dered face of the cyclic system (the face lacking 1,3-diaxial interactions when the molecule 
is adsorbed on the catalyst surface). This leads to I, even though П is the more stable of the 
two isomers since both methyl groups are equatorial in II. 
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HBr 


8.62 se 
(+) -A НОВЕ B + € 
(СуНи Br) Buo //Obtactive Opt.inactive | /-ВиОК 
leq. both C; Ну, Br, 
| @-А 
t-BuOK 
L 
(1) O3 


— 
(2) MeS 


(СН) 


СЖ =. 


Br 
(+) А 


QUE „. BuOK 


алые. molar eq. 


‚о. BuOK 


Неа ^^ molar eq. 


N LLL и 


“Tmolaneq. 7 molar eq. 


8.63 HC=C—C= 
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Жән 
Жоғ EL 


В С 
(optically active) (a meso compound) 
Br 
(+) A (ЈА 
КА. ЖА 
Br 
(HA (A 
Mes MeS o 
(0) 
Фа. 
H H 
H 
Б ЧЕ, 
c^ \ 


(CH=CH),CH,CO,H 


m (CH=CH) ,CH)CO>H 
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8.65 


8.6 


6 
- H,SO, У -H,0 
— ——À 
OH OH, 
+ 


22 
р Е 
Optically active 
(the other enantiomer is Optically inactive 
an equally valid answer) (nonresolvable) 
Br, à NaOH/H,0 B MeOH с 
e. n # Ад = тл = 
(а) H20 leq. H* cat. 
C; HgO Cs H5 05 


(no 3590-3650 ст! (3590-3650 ст! 
IR absorption) IR absorption) 


IR data indicate B does not possess an —OH group, but C does. 


— ie —> + 
5 S R R 
H OH o н он OH H 


A (and enantiomer) B racemate C 


(c) C,incontrast to its cis isomer, would exhibit no intramolecular hydrogen-bonding. This 
would be proven by the absence of infrared absorption in the 3500- to 3600-cm-! region 
when studied as a very dilute solution in CCl,. C would only show free O--H stretch at 


about 3625 ст”! 


Challenge Problems 
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8.67 H H 7 
Su 
с ) C;H4 СЕП н [3 CH3CH 
2 = 3 2 – Ст“ 3 2 H 
„Р шат Т 177 
| SN Z М 4 NS 
CH3CH) сн, СІ СНЗ СН CI CH3CH; CI 
| 
E 
сн; 1 нші 
D 
H H 
СНа СН» H CH3CH) CH3CH? Ян 
S а ^R | о |< N i о“ 
Em ү — Lo 
— и N Жы 
CH4CH; O--H сн;сн, Qu н CH4CH; сон 
-H* 
СН;СН; Н 
Nus A 
N—C 
2 \ 
CH;CH; O 
F 


8.68 The HOMO and LUMO orbitals of ethene and BH; are shown here. In our discussion of 
the mechanism of hydroboration we mentioned the importance of the “vacant p orbital” of 
the boron. This is the LUMO of BH; in actuality, and it is this orbital that interacts with the 
pi bond of ethene as the HOMO. 


227: 


HOMO of ethene 


LUMO of BH; HOMO of BH 
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8.69 The LUMO ofthe BH;:THF complex has a lobe (in red in the Chem3D version) which 


8.70 


Quiz 


8.1 


extends outward from the boron, much like the p orbital that is the LUMO of a hypothetical 
BH; monomer. This orbital is in position to accept the donation of electrons from a Lewis 
base such as an alkene pi bond. 


It is the LUMO of diborane that interacts with the HOMO of an alkene (the bonding pi 
molecular orbital) or other Lewis base. Inspection of the LUMO for diborane shows that 
its lobes include part of the region between the partially bonded bridging hydrogen atoms 
and each boron atom, but that the major portion of each lobe is oriented away from these 
hydrogens and the boron such that electron density from a Lewis base could interact with the 
LUMO without hindrance. In a sense, the LUMO appears almost as if it is a “squashed” p 
orbital similar to what would be available with ВНз as a monomer. The HOMO of diborane, 
ontheother hand, has lobes localized about four ofthe boron—hydrogen bonds. As occupied 
orbitals, they are not available for bonding with the occupied orbital of a Lewis base. 


HOMO of ВН; LUMO of B;Hg 


A hydrocarbon whose molecular formula is C7H)2, on catalytic hydrogenation (excess 
H;/Pt) yields СН. The original hydrocarbon adds bromine and also exhibits an IR 
absorption band at 3300 cm-!. Which of the following is a plausible choice of structure 
for the original hydrocarbon? 


(a) (b) 
СІ E «и 
(е) МЕ = 
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Select the major product of the dehydration of the alcohol, “г 
ОН 


(b) (c) 
| x^ 


(a) 


(d) 


Give the major product of the reaction of ci s-2-pentene with bromine. 


(a) (e) A racemic 


CH, (b CH; © CH, (d CH, 

| mixture of 
H Br Br H H Br Br H (c) and (d) 
H - Br Br H Br H H Br 


CH3CH; CH3CH; CHCH; CH3CH; 


8.4 The compound shown here is best prepared by which sequence of reactions? 


eX, +  NaNH; ә» then ов —— product 
% 
(5) “Ма чы и МаМН; —— then -----> product 
Br 
Pt d 


NaOC>Hs 
(d) ——— —- product 
СУН;ОН 


LibraryPirate 


156 ALKENES AND ALKYNES |: ADDITION REACTIONS 


[2 
„л 


8.6 


8.7 


8.8 


A compound whose formula is СН (Compound А) reacts with H5/Pt in excess to give 
a product СН 2, which does not decolorize Br2/CCl;. Compound A does not show IR 
absorption in the 3200-3400 ст”! region. 

о 


Ozonolysis of A gives 1 mol of Н H and 1 mol of в. O. Give Ше structure of A. 


(a) C] (b) Ум (d) “> 


(с) аяты - (e) за с 


Compound В (С5Ниь) does not dissolve in cold, concentrated H;SO,. What is B? 


(c) СУ (4) СУ 


Which reaction sequence converts cyclohexene to cis-1,2-cyclohexanediol? That is, 


H 
& 
NA OH 
H 
OH 


(а) H202 (b) (1) Оз (2) Меҙ8 


о 
LH 
(с) (1) Os®, (2) МаН5Оз/Н;О (d) (ОК 9—0 (2) H;0+/H,0 


(e) More than one of these 


Which of the following sequences leads to the best synthesis of the compound \____—? 
(Assume that the quantities of reagents are sufficient to carry out the desired reaction.) 


(a) Br; NaOH 
а Af SEIL 1:0] 


Вг Хамн: 
Вг H)SO, 


e м 
r 


@) Во NaNH; 
——— 
pr Spa light 
е; MeS 
(e) газ --- 
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NUCLEAR MAGNETIC RESONANCE AND 
MASS SPECTROMETRY: TOOLS FOR 
STRUCTURE DETERMINATION 


SOLUTIONS TO PROBLEMS 


9.1 


9.2 


9.3 


о 
# 
CH,C (a) 80.8—1.10 
(b) N (b) 82.1—2.6 
OCH;CH; (с) 53.3—3.9 


(c) (a) 
The presence of two signals in the 'H NMR spectrum signifies two unique proton environ- 
ments in the molecule. The chemical shift of the downfield signal, (a), is consistent with 
protonsand a chlorine on the same carbon. Its triplet nature indicates two hydrogens on the 
adjacent carbon. 
The upfield quintet (b) indicates four adjacent and equivalent hydrogens, which requires 
two hydrogens on each of two carbons. 
Integration data indicate a ratio of (approximately) 2:1, which is actually 4:2 in this 


s cl (b) cl 
Of the isomeric structures with the formula C3H6Cl;, only |. fits the 


evidence. 
(a) We see below that if we replace a methyl hydrogen by Cl, then rotation ofthe methyl 


group or turning the whole molecule end-for-end gives structures that represent the 
same compound. This means that all of the methyl hydrogens are equivalent. 


H H 
H iz NP H 
H H 
jedes H with CI 
Че, > Б А 
Od = О 
7 = N 7 N 
H а) а H 
| rotate СНС! group 


157 
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H H H H 
Уә m oo 
He Y ci не үн 


H СІ Н 
| rotate СН,СІ group 
H cl cl H 
we, "mn In wem ә.” 
Н “ \ H — = H У X H 
H H H H 


All of these are the same compound. 


Replacing a ring hydrogen by Cl gives another compound, but replacing each ring 
hydrogen in tum gives the same compound. This shows that all four ring hydrogens are 
equivalent and that 1,4-dimethylbenzene has only two sets of chemical shift equivalent 


protons. 
CH; CH; 
У cl 
555 _Teplace | Б 
2 Hby 67 77 
CH; сн; 
М = 


~ 
АП of these аге the same compound. 


(b) As in (a) we replace a methyl hydrogen by Cl yielding the compound shown. Essentially 


H H free rotation of the -СНӘСІ group means that all orientations of 
b that group give the same compound. 
“HH 
/ 
е н 
СІ 


Substitution into the other methyl group produces the same compound, as seen when 
we flip and rotate to form that structure. 


CH;CI 


Онаа ym Cr 


Thus the methyl hydrogens are chemical shift equivalent. 
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Ring substitution produces two different compounds. 


CH, CH; 
сн; сн; сн; сн; 
| CH; а | CH, = 

= cl 
СІ СІ 


Again, flipping and rotating members of each pair demonstrates their equivalence. 
There are then, three sets of chemical shift equivalent protons-—one for the methyl 
hydrogens and one each for the two different ring hydrogens. 


CH,Cl 


CH; 
(c) 
ж on replacement of a methyl hydrogen by Cl. 
CH, CH, 


Again, different orientations (conformations) do not result in different compounds. 
Substitution іп the other methyl group yields the same compound. 


СН; CH,Cl 
( flip ( 
CH,Cl CH; 


Replacement of ring hydrogens produces three compounds: 


cl 
CH; | CH, CH, CH, CH, CH, сн; CH, 
ы 4 и ы ^ 
CI 


Four sets of chemical shift equivalent hydrogens are present in this isomer: one forthe 
methyl hydrogens and three for the chemically non-equivalent ring hydrogens. 


9.4 (a) One (d) One 
(b) Two (e) Two 
(c) Two (f) Two 
9.5 (a) ен; СН; gH 
HO. Н HOW (. ZH HO... РН 
С 28 replacement bu n udi 
à by Q 
CH; CH; CH, 


—Ó—Ó—————— 
¥ 


Diastereomers 
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(b) Six (a) 


9.6 (а) 


(d) 


(8) 


0) 


(т) 


(р) 
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CH; 
(b)H—C—OH (o) 
о и (е) 


CH; 
(Р) 


Two (b) 
Two (e) 


Three (h) 


(a) (a) 


Five (k) 


Five (e) (n) 


(b) 


Four 


(a) (4) 


(b) Фа (с) 
(с) (b) 


(d) 
(a) 


(c) Six signals 


Three 
(ы. 
pra 
(a) OH 
Four 
Br НС) 
(a)H: çu (d) 
H Br 
(b) 
Four 
(c) Hm, »H (d) 
(b) (b) 
(a) (a) 
Three 
(5) 


No 


Three 
(c) 


" 
(b) Ó 


(f) Two 


(a) ^e А” 
(5) (b) 


(i) Six 
(b) (d) H (e) 
е 
(а) (с) b 


H(f) 
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9.7 The determining factors here are the number of chlorine atoms attached t o the carbon atoms 
bearing protons and the deshielding that results from chlorine’s electronegativity. In 1,1, 2- 
trichloroethane the proton that gives rise to the triplet is on a carbon atom that bears two 
chlorines, and the signal from this proton is downfield. In 1,1,2,3,3-pentachloropropane, 
the proton that gives rise to the triplet is on a carbon atom that bears only one chlorine; the 
signal from this proton is upfield. 


cl cl (a) 
98 Cl cs Си | (6) TMS 
(a) il | 
cl cl 7 6 5 4 3 2 1 0 


The signal from the three equivalent protons designated (а) should be split into а doublet by 
the proton (5). This doublet, because of the electronegativity of the two attached chlorines, 
should occur downfield (8 ^ 5--6). It should have a relative area (integration value) three 
times that of (b). 


The signal for the proton designated (b) should be split into a quartet bythe three equivalent 
protons (a). The quartet should occur upfield (5 ~ 1-2). 


I 


99 А сінді AN, 
a 


(a) 
(a) doublet 5 1.9 
(b) septet 8 4.35 
cl 


В СНА, is 
айы ни = 


(а) doublet 5 2.08 
(b) quartet ô 5.9 

(b) 
(a) (a) 


cl cl 


С C,H,Cl, is 


(a) triplet 5 3.7 
(b) quintet à 2.2 


Hp 
9.10 (a) дечү ГА ф = 1809 J ax = 8-10 Hz 
На 


Hp 


(b p, $7 9 Jue = 2-3 Hz 
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9.11 A chair conformation with both the bromine and the chlorine in equatorial positions is 
consistent with Ло = 7.8 Hz, since Ше hydrogens would be axial. 


Јах SHZ 
cl 
Ha 


trans-1-Bromo-2-chlorocyclohexane 


9.12 NMR coupling constants would be distinctive for the protons indicated. Compound A 
would have an equatorial-axial proton NMR coupling constant of 2-3 Hz between the 
indicated protons, whereas B would have an axial-axial coupling constant of 8-10 Hz. 


OH н, ОН оң, 
но о HO о 
HO На но ОСН; 
o HO 
OCH3 Я 
А B 
Ль= 2-3 Hz J,p— 8-10 Hz 
9.13 (a) Jab = 2S he (b) 


А, 
25, І | 1 i i i i 
а | (іл 
Result: 1 1 | | | | | І 1 (nine peaks) 
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(b) Jas = Ле (b) 


zy die 
= zale “= 
tec < Ук be Jic e ee Jc à 
1 


Ее МА КЕ Sh 
Result: 1 | | | | и (six peaks) 


9.14 A single unsplit signal, because the environment of the proton rapidly changes, reversibly, 
from axial to equatorial. 


9.15 А is 1-bromo-3-methylbutane. The following are the signal assignments: 


(a) 
(4) 
Br^ ФУ (а) 


(a) 6 23 
(b) 8 27 
(с) 6 32 
(d) 6 42 
B is 2-bromo-2-methylbutane. The following are the signal assignments: 


(с) 8 40 
(d) 8 68 
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С is 1-bromopentane. The following arethe signal assignments. 


(a) à 14 
(b) à 23 
(c) 6 30 
(d) à 33 
(e) 8 34 


9.16 A peak at М' —15 involves the loss of a methyl radical and the formation of a 1? or 2° 
carbocation. 


MM E Wert 


(M1) (M*-15) 


A peak at М! —29 arises from the loss of an ethyl radical and the formation of a 2? carbo- 
cation. 


me p TP 


(Mt) (M*-29) 


Since a secondary carbocation is more stable than a methyl carbocation, and since there 
are two cleavages that form secondary carbocations by loss of an ethyl radical, the peak at 
M* —29 is more intense. 


9.17 After loss of a pi bonding electron through electron impact ionization, both peaks arise 
from allylic fragmentations: 


и „> N tay 


Allyl radical mlz 57 


AS — М + ae 


Allyl cation 


9.18 The spectrum given in Fig. 9.40 is that of butyl isopropyl ether. The main clues are the 
peaks at m/z 101 and m/z 73 due to the following fragmentations. 
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ЖИ; == г el 


míz 101 


БЕРЕР 


т 73 
Butyl propyl ether (Fig. 9.41) has no peak at m/z 101 but hasa peak at m/z 87 instead. 
+ 
Ы т Е. 
Pee ч, Se — би SS 
m/z 87 


9.19 First, we recalculate Ше intensities of the peaks so as to base them on Ше М? peak: 


mlz INTENSITY 
96 ом“ 

86 M 10.0/10.0 x 100 — 100 

87 0.56/10.0 x 100 — 5.6 

88 0.04/10.0 x 100 — 0.4 


1. Since М” is even, the compound must contain an even number of nitrogen atoms (i.e., 
0, 2, 4, etc.). 
2. The value of the M +1 peak gives the number of carbon atoms. 

Number of carbon atoms = 5.6/1.1 ~ 5 


The compound must contain no nitrogen atoms because С;№, = (5 x 12) + (2x 14) = 
88, and the molecular weight of the compound (from the M* peak) is only 86. 


3. The very low value of the M'+2 peak (0.4%) tells us that the compound does not 
contain S, Cl, or Br. 


4. If the compound were composed only of C and H, it would have to be CsH26: 
Н = 86 — (5 x 12) = 26 


But С Нов is impossible. 
However, a formula with one oxygen gives a reasonable number of hydrogen atoms, 


H= 86 = (5 x 12)- 16 = 10 
and thus our compound has the formula С5НуоО. 
9.20 Recalculating the intensities to base on M* 
РЕЛЕ, míz 96 of BASE PEAK 96 of M^ 


м! 73 86.1 100 
Мї +1 74 3.2 3.72 
М? +2 75 0.2 0.23 


These data best fit the formula C3H7NO. 
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9.21 (a) First calculate the expected masses of the compound shown for C6H4 + "Вг + "Br 
(М) = 234 m/z, Сена + 81Вг + Br (М+2) = 236 m/z, and C6H4 4-9! Br + 8! Br 
(M+4) = 238 m/z. 


The relative ratio of Br and ê! Br is 1:1. Therefore if you have two bromines in the 
molecule we must simplify the expression of (1:1)(1:1) = 1:2:1. 


The ratio of the peaks will be M (234), M+2 (236), M+4 (238) = (1:2:1) 


(b) First calculate the expected masses of the compound shown for C6H4 + 3°С1+ 
35C] (M) =146 m/z, Сена + CI + "CI (М+2) = 148 m/z, and Сен, +? + CI 
(M44) = 150 m/z. 


The relative ratio of 35С1 and 37С] is 3:1. Therefore if you have two chlorines in the 
molecule we must simplify the expression of (3:1 )(3: 1) — 9:6:1. 


The ratio of the peaks will be M (146), M+2 (148), M+4 (150) = (9:6:1). 


9.22 (a)First recalculating the intensities so as to base them on the M* peak: 


INTENSITY 
m/z 96 of M! 
78M: 24/24 x 100 = 100 
79 0.8/24 x 100 — 33 
80 8/24 x 100 = 33 


1. Since М“ is even, the compound contains an even number of nitrogen atoms. 

2. Number of carbon atoms = (M* + 1)/1.1 = 3.3/1.1 — 3. 

3. The intensity ofthe M* +2 peak (33%) tells us that the compound contains one chlorine 
atom. 

4. We use the molecular weight (from Ше М? peak) to calculate the number of hydrogen 
atoms 


Н = 78 —(3 x 12) — 35 =7 
Thus, the formula for the compound is C,H,Cl. 
(b Cl 


P 


NMR Spectroscopy 
9.23 (a) 2 нз (Ы) | (с) 1 
1 а. а 2 СУ 
H 3 2 2 
4 2 
2 2 
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2 
924 (a) ! “ч 
H 


(d) 2 


(g) 


9.25 Chemical Shift 


(a) 0.9 
(b) 1.2 


(c) 1.3 
(d) 2.0 
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Splitting 


t 


(b) 56 І 
Z OH 
34 2 


2 
(b) ГУ 1 
3 
3 1 
e 
2 47 Вг 


(В) OH 


Integration 


3H 
6H 


(c) 3 


(f) 


Structure 


СН; adjacent to CH2 
Two equivalent СН» 

groups adjacent to no hydrogens 
СН; adjacent only to СНз 


OH 
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(b) 
d 
( Los 


(b) (c) 


(a) 


9.26 Compound G is 2-bromobutane. Assignments are as follows: 
Br 


pu 
d) (c) 


(b) 


(a) triplet à 1.05 
(b) multiplet 6 1.82 
(c) doublet à 1.7 
(d) multiplet à 4.1 


Compound H is 2,3-dibromopropene. Assignments are as follows: 


(b) (a) 

p m odiis 
H Br 

(c) 


(a) 842 

(b) 6 6.05 

(c) 8 5.64 
Without an evaluation of the alkene coupling constants, it would be impossible to specify 
whether the alkene has (Е ), (Z ), or geminal substitution. We do know from the integral val- 
ues and number of signals that the alkene is disubstituted. For the analysis of the alkene sub- 
stitutionpattern these typical alkene couplingconstantsare useful: Н — C == C — Н (trans), 
J = 12-18 Hz; H— C=C —H (cis), J = 6-12 Hz; C— СН, (geminal), J = 0—3 Hz. 
Since the alkene signal for compound H shows little or no coupling, the data support the 
designation of H as 2, 3-dibromopropene. 


9.27 Run Ше spectrum with the spectrometer operating at a different magnetic field strength 
(i.e., at 30 or at 100 MHz). If the peaks are two singlets the distance between them—i:hen 
measured т heriz—will change because chemical shifts expressed in hertz are proportional 
to the strength of the applied field (Section 9.7A). If, however, the two peaks represent a 
doublet, then the distance that separates them, expressed in hertz, will not change because 
this distance represents the magnitude of the coupling constant and coupling constants are 
independent of the applied magnetic field. 


9.28 Compound O is 1,4-cyclohexadiene and P is cyclohexane. 


(a) 
(8) дь, (а) 8260 СН» (DEPT) 
(b м (b) 8 1245 CH (DEPT) 
(a) 
о P 
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9.29 The molecular formula of О (C7Hg) indicates an index of hydrogen deficiency (Section 
4.17) of four. The hydrogenation experiment suggests that Q contains two double bonds (or 
one triple bond). Compound Q, therefore, must contain two rings. 

Bicyclo[2.2.1 Jhepta-2,5-diene. The following reasoning shows опе way to arrive at this 
conclusion: There is only one signal (ô 144) intheregion for a doubly bondedcarbon. This 
fact indicates that the doubly bonded carbon atoms аге all equivalent. That the signal at ô 
144 is a CH group in the DEPT spectra indicates that each of the doubly bonded carbon 
atoms bears one hydrogen atom. Information from the DEPT spectra tells us that the signal 


\ 
at 6 85 isa —CH;— group and the signal at 50 is a = H group. 
The molecular formula tells us that the compound must contain two — С — Н groups, 


y 
and since only one signal occurs in the C spectrum, these =й us groups must be 


equivalent. Putting this all together, we get the following: 


(a) 


© оны (а) 850 CH(DEPT) 
(c) (c) Ni (b) 885 CH;(DEPT) 
R 


(a) (c) 8144 CH(DEPT) 
Q 
9.30 (a) ІНММЕ О О 
Poe. ПЕР a 
А B 


Compound A = ô 0.9 (t, 3 H), ô 2.0 (s, 3 Н), ô 4.1 (9,2 Н) 
Compound В = à 0.9 (t, 3 Н), 82.0 (q, 2 Н), 8 4.1(s,3 Н) 


(b) 1 2 1 П 
4 2 
3 3 OT ES 1 
ІН NMR 
3 4 23 
2 2 


4 
ВС NMR 
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(c) PDC NMR 1 1 
CH, CH, 


9.31 That S decolorizes bromine indicates that it is unsaturated. The molecular formula of S 
allows us to calculate an index ofhydrogen deficiency equal to 1. Therefore, we can conclude 
that S has one double bond. 

The ЗС spectrum shows the doubly bonded carbon atoms at ô 130 and ô 135. In the 
DEPT spectra, one of these signals (5 130) is a carbon that bears no hydrogen atoms; the 
other (6 135) is a carbon that bears one hydrogen atom. We can now arrive at the following 
partial structure. 


The three most upfield signals (8 19, 6 28, and ô 31) all arise from methyl groups. The 
signal at 8 32 15 a carbon atom with no hydrogen atoms. Putting these facts together allows 
us to arrive at the following structure. 


(с) 
(а) 
(d) 
(е) 0) " (а) 8 19 (d) 832 
(о) | (Ђ) 8 28 (е) 6 130 
(6) (с) 831 () 5135 
8 


Although the structure just given is the actual compound, other reasonable structures that 
one might be led to are 


ые 


Mass Spectrometry 


9.32 Thecompound is butanal. Тһе peak at m/z 44 arises from a McLafferty rearrangement. 


+ + 
"m. о-н CH2 
um . | 
H сн, 
m/z 72 т 44 
(М?) (Mt-28) 
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The peak at m/z 29 arises from a fragmentation producing an acylium ion. 


m/z 29 
9.33 * F 7+ 
OH 
ALY — даден 
m/z: 144 (100.0%), 145 (10.0%) m/z: 126 (100.0%), 127 (9.9%) 
+ 
Su 
m/z: 111 (100.0%), 112 (8.8%) 
OH 
а не 
m/z: 87 (100.0%), 88 (5.6%) 
fg t 
9.34 о OH 
ALA —— РЧ McLafferty rearrangement 
m/z. 100 (100.0%), 101 (6.7%) m/z. 58 (100.0%), 59 (3.4%) 


о 
A d. 
m/z; 85 (100.0%), 86 (5.5%) 
о 
ah 


m/z: 43 (100.0%), 44 (2.2%) 


LibraryPirate 


172 NUCLEAR MAGNETIC RESONANCE AND MASS SPECTROMETRY 


9.35 (а) г 
Ay + “СН 
[0] 
£ L 4 
Aya " m/z: 71 (100.0%), 72 (4.4%) 
9 + 
m/z: 114 (100.0%), 115 (7.8%) row + "СН 
[9] 
m/z: 71 (100.0%), 72 (4.496) 
(b) он |+ Ё 
о [О 
m/z: 86 (100.0%), 87 (5.6%) m/z: 68 (100.0%), 69 (5.5%) 
(c) + + 
1 » n тр 
В жә aig ad snl E Е. 
m/z: 142 (100.0%), 143 (10.0%) m/z: 58 (100.0%), 59 (3.4%) 


9.36 First calculate the expected masses of the compound shown for СНА + Br + СІ (M) 
= 190 т/2, СН, + Усі-- Br (M+2) = 192 m/z or C6H4 + ?5CI 4-8! Br (М+2) = 192 
m/z,and Сена + 3'СІ+ Вг (M+4) = 194 m/z. 
The relative ratio of "?Br and ®'Br is 1:1 and С and ??CI is 3:1. Therefore if you have 
1 bromine and 1 chlorine in the molecule we must simplify the expression of (3:1)(1:1) — 
3:4:1. 
The ratio о the peaks will be M (190), M+2 (192), M+4 (194) = (3:4:1) or (100%: 77%: 
24%). 

9.37 Ethyl bromide will have a significant M+2 for the 3! Вг isotope at 110. The ratio of the 


peak at m/z 108 and m/z 110 will be approximately 1:1. The spectra will also show peaks 
at M+1 and M43 for the presence of a ЗС isotope (2.2 90) 


Methoxybenzene will havea small peak, M 4-1, for the !3С isotope (7.8 96) 
* 
9.38 Theion, CH; = МН), produced by the following fragmentation. 
-R + Ñ an 
> CH= МН) <-> CH; NH, 
m/z 30 


„+ 
к (Сал Сый, 
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Integrated Structure Elucidation 


(a) 


(a) Ра (5) 
(а) OH 


(a) 


Br 
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(a) Singlet, 5 1.28 (9H) 
(b) Singlet, à 1.35 (1H) 


(a) Doublet, 6 1.71 (6H) 
(b) Septet, 8 4.32 (1H) 


(a) Triplet, 8 1.05 (3H) C=O, near 1720 ст”! (s) 
(b) Singlet, 6 2.13 (3H) 
(c) Quartet, à 2.47 (2H) 


(а) Singlet, 8 2.43 (IH) О-Н, 3200-3550 ст“! (br) 
(b) Singlet, 6 4.58 (2H) 
(c) Multiplet, 8 7.28 (5H) 


(a) Doublet, à 1.04 (6H) 
(Б) Multiplet, 8 1.95 (ІН) 
(с) Doublet, 5 3.35 (2H) 


(a) Singlet, 6 2.20 (3H) C=O, near 1720 ст“! (s) 
(b) Singlet, 8 5.08 (ІН) 
(c) Multiplet, 5 7.25 (10H) 


(a) Triplet, 8 1.08 (3H) C=O (acid), 1715 cm"! (s) 
fb) Multiplet, 2.07 (2H) O—H, 2500-3500 ст“! (br) 
(с) Triplet, 8 4.23 (1H) 

(d) Singlet, 6 10.97 (1H) 


(a) Triplet, 8 1.25 (3H) 
(b) Quartet, à 2.68 (2H) 
(с) Multiplet, 8 7.23 (5H) 
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о и (a) Triplet, ô 1.27 (3H) С=О (acid), 1715 ст”! (s) 
(i) (а) (d) (b) Quartet, $ 3.66(2Н) О-Н, 2500-3550 ст“ ! (br) 
~ о “он (c) Singlet, 8 4.13 (2H) 
(d) Singlet, 5 10.95 (1H) 
б NO, (a) Doublet, 8 1.55 (6H) 
(5) Septet, ó 4.67 (1H) 
(а) (6) ^ (a) 


(a) Singlet, 8 3.25 (6H) 


o. (а) (b) Singlet, 5 3.45 (4H) 
ен, 
(5) 5 
[0] 
(1) (с) (а) Doublet, 8 1.10 (6H) C=O, near 1720 ст“! (s) 
(b) (6) Singlet, 8 2.10 (3H) 
(a) (c) Septet, 6 2.50 (IH) 
(a) 
(b), (а) Doublet, 8 2.00 (3H) 
(m) (b) Quartet, 8 5.15 (ІН) 
Br (c) Multiplet, ô 7.35 (SH) 


(c) 


9.40 Compound E is phenylacetylene, CgH;C==CH. Wecan make the following assignments in 
the IR spectrum: 


Transmittance (%) 
un 
© 
L 


я | 
Я > 
C=C (Ar) 41 


L н—с== | 
0 тт гот тт тт га ЗИ сир гнуи ЕСИ НИИ сати ЛӘ ЕТ 
4000 3600 3200 2800 2400 2000 18@0 1600 1400 1200 1000 800 650 


Wavenumber (em) 


The IR spectrum of compound E (Problem 9.40). Compound Е is CcHsCBr;CHBr;. 
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9.41 Compound J is cis-1,2-dichloroethene. 


Wecanmake the following IR assignments: 
3125 ст“ !, alkene C—H stretching 
1625 cm-!, C=C stretching 
695 ст“! , out-of-plane bending of cis C—H bonds 
The !H NMR spectrum indicates the hydrogens are equivalent. 


9.42 (a) Compound К is, 


о 
(Б) АФ (a) Singlet, 82.15 C—0O, near 1720 ст”! (s) 
(a) (b) Quartet, 8 4.25 
OH (c) Doublet, 8 1.35 
(d) (d) Singlet, 5 3.75 


(b) When the compound is dissolved in D;O, the —OH proton (d) is replaced by a 
deuteron, and thus the ' H NMR absorption peak disappears. 


О о 


и + ро ‚ч? + оно 


он OD 


ў 
9.43 The IR absorption band at 1745 ст“! indicates the presence of a C—O group іп а 


five-membered ring, and the signal at 5 220 can be assigned to the carbon of the carbonyl 
group. 

There are only two other signals in the ?C spectrum; the DEPT spectra suggest two 
equivalent sets of two — СН; — groups each. Putting these facts together, we arrive at 
cyclopentanone as the structure for T. 


о 
(а) 8 23 
Gis Ф) 538 
(a) (c) 8 220 
T 


9.44 (1) Molecular ion = 96 m/z 
Potential molecular formula = C;H;4 or С6Н%О 


(2) The presence of a strong C=O absorption at 1685 ст“! in the IR andthe integrals of 
the ЇН NMR spectra totaling 8, and the appearance of 6 unique carbons in the ^C spectra 
lead to CgHgO as the correct molecular formula. 
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(3) Degree of unsaturation for СНО = 3 


(4) 'H NMR 
Letter ppm Splitting Integration Conclusion 
(a) 1.9 5 3H СН; (allylic) 
(b) 2.2 q 2H CH; (allylic) 
(c) 3.0 t 2H СН; (adjacent to ketone and СН?) 
(d) 65 t 1H CH (adjacent to CH) 
О 
HS. 
(a) 
(b) 
(d) 
(5) 3CNMR 
1. 8207 – (ketone) 
2. 5145 — (CH – alkene) 
3. 8139 – (C — alkene) 
4. 837 — (CH; alpha to ketone) 
5. 825 — (CH; allylic) 
6. 516 — (СНз - allylic) 


о 
3 6 
5 
2 


9.45 (1) Molecular ion = 148 m/z 
Potential molecular formula = Со Н!20 


(2) IR — 3065 ст“! (С-Н sp? aromatic), 2960ст-! (С-Н sp?), 2760 ст“! (С-Н aldehyde), 
1700 ст”! (C=O conjugate aldehyde), 1600 ст“! (C =C aromatic) 


(3) Degree of unsaturation for СоН!2О = 5 


(4) ІН NMR 
Letter ppm Splitting Integration Conclusion 
(a) 1.3 4 6Н Two CH; adjacent to С-Н 
(b 341 septet 1H C-H adjacent to two CH3 
(c) 7.2 d 2H Aromatic ring disub - para 
(d) 7.8 d 2H Aromatic ring disub - para 
(e) 9.8 5 1H Aldehyde 
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(5) ^C NMR 
1. 6191 — CH-aldehyde 
2. 8154 - C aromatic 
3. 8134 — C aromatic 
4. 8130 — CH aromatic 
5. 5127 — CH aromatic 
6. 836 — CH aliphatic 
7. 523 - СН; aliphatic 


9.46 (1) Molecular ion = 204 m/z 
Potential molecular formula = С) <Н24 


(2) IR-3065 ст“! (C —H sp? aromatic), 2960 ст“! (C —H sp?) 1600 ст“! (C=C 
aromatic) 


(3) Degree of unsaturation for С!5Н24 = 4 


(4) ІН NMR 
Letter ppm Splitting Integration Conclusion 
(a) 1.3 d 6H Two CH; next to CH 
(b) 2.8 septet 1H CH nextto two CH3 
(c) 6.9 8 1H CH aromatic 
(a) 
(5) ^C NMR 


1. 8148 — (C-aromatic) 

2. 6122 — (CH-aromatic) 
3. 637 — (CH-aliphatic) 
4. 623 — (СНз - aliphatic) 
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9.47 (1) Molecular Formula = СН! 203 


(2) IR — 3065 ст“! (C — Н sp? aromatic), 2960 ст“! (С— Н sp), 1740 ст“! (C=O 
ester), 1600 сіп”! (C=C aromatic) 
(3) Degree of unsaturation for СіоН |203 = 5 


(4) 'H NMR 
Letter ppm Splitting Integration Conclusion 
(a) 3:5 8 2H CH; 
(b) 3.7 8 3H CH3 
(с) 3.8 s 3H CH; 
(d) 6.7 d 2H CH (aromatic para-sub) 
(e) 6.9 d 2H CH (aromatic para -sub) 
Thelow ppm of the aromatic protons indicates electron donating groupsare attached to 
the ring. 
о 
(4) 
E (a) 
(e) | Sy (e) 
(Жа 
Xo) 
(4) ^C NMR 


1. 8171 — (С = О ester) 
2.6160 — (C- aromatic) 
3.6130 — (CH aromatic) 
4. 8127 —(C-aromatic) 
5.5115 —(CH aromatic) 
6. 656 — (CH, - aliphatic) 
7.852 — (CH; ester) 
8.646 — (CH; - benzylic) 


Challenge Problems 


9.48 The product of the protonation is a relatively stable allylic cation. The six methyl, four 
methylene, and single methine hydrogens account for the spectral features. 
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о. 


9,49 А McLafferty rearrangement accounts for this outcome, as shown below for butanoic acid. 
In the case of longer chain carboxylic acids the additional carbons are eliminated in the 
alkene formed. 


қ 
t H | 


280 M 
H H о 
ка — a. + d. 


míz 60 


9.50 Asin the case of IR spectroscopy of alcohols (Section 2.168), the degree of intermolecular 
association of the hydroxyl groups is the principal determining factor. If the alcohol is 
examined in the vapor phase or at very low concentration in a nonpolar solvent such as 
carbon tetrachloride, the —OH hydrogen absorption occurs at about 6 0.5. 

Increasing concentrations ofthe alcohol up to the neat state (solvent is absent) leads to 
a progressive shift of the absorption toward the value of 5 5.4. 
= Е БЫ x Е 
Hydrogen bonding, =H O , Tesults in a decrease of electron density (de- 


5 \ 
R 


shielding) at the hydroxy! proton. Thus, the proton peak is shifted downfield. The magnitude 
of the shift, at some particular temperature, is a function of the alcohol concentration. 


9.51 At the lower temperature a DMF molecule is effectively restricted to one conformation due 
to the resonance contribution of II, which increases the bond order of the C—N bond. At 
~ 300 K there is insufficient energy to bring about significant rotation about that bond. 


CH; - CH; 


Na s Ww or 
Ñ N 
/ в" TT и p 
I CHa ү 


The methyl groups clearly are nonequivalent since each has a unique relationship to the 
single hydrogen atom. Hence each set of methyl group hydrogens is represented by its own 
signal (thoughthey are quite close). 

Ata sufficiently high temperature (> 130°C) there is enoughenergy available to overcome 
the barrier to rotation due to the quasi-double bond, C — № , and substantially free rotation 
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occurs. The differences between the two sets of methyl group hydrogens are no longer 
discernable and all six methyl hydrogens are represented by a single signal. 


9.52 Formed by fragmentation of the molecular ion, cni possesses the requisite mass. Possible 
structures are [CH;— CH—C=C}* and [HC = CH—-C=CH}]", each of which is resonance- 
stabilized. 

Br, о 
953 На ЈА 
Њ 
He 
Jay = 53 Hz 
Jie 8.2 Hz 
Jg; = 10.7 Hz 
Br,, hii о 
(а) На 2 " 
Hy 9 signals 
He” fg 
де 
На 
(b) Jac = 8.2 Hz 
рез НЕ 


QUIZ 


9.1 Propose a structure that is consistent with each set of the following data. 


(a) C4HoBr 


(b) C4H;Br; 


(c) СұН |6 
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ІН NMR spectrum 
Singlet à 1.7 


ІН NMR spectrum 
Singlet à 1.95 (3H) 
Singlet à 3.9 (4H) 


ІН NMR spectrum 
Singlet 6 1.0 (9H) 
Singlet à 1.75 (3H) 
Singlet 6 1.9 (2H) 
Singlet 8 4.6 (1H) 
Singlet 8 4.8 (ІН) 


IR spectrum 
3040, 2950, 1640 ст“! 
and other peaks. 
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(d) СНО !H NMR spectrum IR spectrum 
Singlet 8 2.0 (3H) 3100, 3000, 1720, 
Singlet 8 3.75 (2H) 740, 700 ст”! 
Singlet 8 7.2 (5H) and other peaks. 
(е) C;H;NO; ІН NMR spectrum IR spectrum 
Triplet à 1.2 (3H) 2980, 2260, 1750 ст“! 
Singlet 8 3.5 (2H) and other peaks. 
Quartet 8 4.2 (2H) This compound has a nitro group. 


9.2 How тапу ІН NMR signals would the following compound give? 


par 


(a) One (b) Two (c) Three (d) Four (e) Five 


9.3 How many ІН NMR signals would 1,1-dichlorocyclopropane give? 
(a) One (b) Two (c) Three (d) Four (e) Five 


9.4 Which of these CgH)4 isomers has the greatest number of ^C NMR signals? 
(a) Hexane (d) 2,2-Dimethylbutane 
(b) 2-Methylpentane (e) 2,3-Dimethylbutane 
(c) 3-Methylpentane 


9.5 How many ЗС NMR signals would be given by the following compound? 


(a) 7 (b) 8 (c) 10 (d) 11 (e) 13 


9.6 Which of these is a true statement concerning mass spectrometry? ( There may be more 
than one.) 


(a) The M* peak isalways the most prominent (largest m/z). 

(b) Only liquids can be analyzed by MS. 

(c) Unlike IR and NMR, MS is a destructive method of analysis. 

(d) The molecular ion is assigned a value of 100 on the vertical scale. 


(е) The initial event in the determination of a mass spectrum in the EI mode is the formation 
of a radical cation. 


9.7 What is the structure of a compound С<Н |; which exhibits a prominent MS peak at m/z 57? 
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SOLUTIONS TO PROBLEMS 


10.1 (a) H—H ! Е--Ғ -- 2H—F 
(DH° = 436) (DH°=159) 2(DH° = 570) 
+595 kJ тој“! —1140 kJ mol"! 
is required for is evolved in 
bond cleavage formation of the 
bonds in 2 mol 
ofHF 


AH? = +595 — 1140 
= —545 kJ тој“! 


(b CH,—H + РЕ ———r СнН;—Е + Н--Е 


(DH? = 440) (DH?-159) (DH° - 461) (Рн? = 570) 
+599 kJ тој“! —1031 kJ mol-! 
is required for is evolved in 
bond cleavage bond formation 


AH? = +599 — 1031 
= —432 kJ тој“! 


б) CH,—H + СІ-СІ —  CH,—Cl + на 


(DH? = 440) (DH°= 243) (DH° = 352) (DH?-432) 
+683 kJ mol! —784 kJ тој“! 
is required for is evolved in 
bond cleavage bond formation 


AH? = +683 — 784 


= —101 kJ mol! 
(d CH,—H + Br—Br —  CH,—Br + Н—вВг 
(DH?—440) (DH?-193) (ОН" = 293) (DH? = 366) 
+633 kJ тој“! —659 kJ тој“! 
is required for is evolved in 
bond cleavage bond formation 


AH? = +633 — 659 
= —26 kJ mol"! 
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(е) CH,—H +  I—I = СНГ + Hel 
(DH? = 440) (РнН° = 151) (DH°= 240) (DH° = 298) 
+591 kJ тој“! —538 kJ mol-! 
is required for is evolved in 
bond cleavage bond formation 


АН? = +591 — 538 


= +53 kJ тој“! 
(f сњсњ—н + CI—Cl ---- СН;СН,-СІ + на 
(DH? = 421) (DH? = 243) (DH? 2:383) (DH? = 432) 
+664 kJ тој“! —785 kJ mol-! 
is required for is evolved in 
bond cleavage bond formation 


AH? = +664 — 785 


= –121 kJmol^! 
(2) + а—а --- + на 
H (DH°= 243) cl (DH? = 432) 
(DH°= 413) (DH°= 355) 
+656 kJ тој“! —787 kJ mol! 
is required for is evolved in 
bond cleavage bond formation 


AH? = +656 — 787 


= —131 kJ mol! 
(h) H CI 
ЭС & Gea -— „4 = нен 
(DH°=400) (DH°= 243) (DH? = 349) (DH? = 432) 
+643 kJ mol-! —781 kJ mol-! 
is required for isevolved in 
bond cleavage bond formation 


AH? = 4-643 — 781 
= —138 kJ mol7! 


m3 > бомба. > "m > СН: 


3 > 23 > 1 > Methyl 


10.3 The compounds all have different boiling points. They could, therefore, be separated by 
careful fractional distillation. Or, because the compounds have different vapor pressures, 
they could easily be separated by gas chromatography. GC/MS (gas chromatography/mass 
spectrometry) could be used to separate the compounds as well as provide structural infor- 
mation from their mass spectra. 
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10.4 Their mass spectra would show contributions from the naturally occurring СТ and 7721 
isotopes. The natural abundance of 25СІ is approximately 75% and that of 27СІ is ap- 
proximately 25%. Thus, for CH3C1, containing only one chlorine atom, there will be 
an М? peak and an М2--2 peak in roughly а 3:1 (0.75 :0.25) ratio of intensities. For 
СН2СЬ there will be M+, M* 4-2, and M+ +4 peaks in roughly a 9 : 6 : 1 ratio, respectively. 
[The probability of a molecular ion M+ with both chlorine atoms as 35С1 is (.75)(.75) = 
.56, the probability of an M*--2 ion from one 35СІ and one 3С is 2(75Х.25) = .38, 
and the probability of an Mt+4 ion peak from both chlorine atoms as 27СІ is 
(.25)(.25) = 0.06; thus, their ratio is 9:6:1.] For CHCl; there will be M+, M*4-2, 
and М++4, and M* 4-6 peaks in approximately a 27 :27:9: 1 ratio, respectively (based 
on a calculation by the same method). (This calculation does not take into account the 
contribution of ^C, ?H, and other isotopes, but these are much less abundant.) 


10.5 The use ofa large excess of chlorine allows all of the chlorinated methanes (СНЗС!, СН:СІ;, 
and СНСЬ) to react further with chlorine. 


10.6 Chain Initiation 
бер! F—F --- 2F: AH? = +159kJ тог! 
(DH? = 159) 


Chain Propagation 


Step? CH,—H + Е —- СН,  H—F АН? = —130КЈ тог! 
(DH? = 440) (DH? = 570) 
Step3 CHy + Е-Е --- CH,—F + Е: АН? = -302 К mol! 
(DH? = 159) (DH? = 461) 
Chain Termination 
CH, + Е --- CH,—F АН? = -46lkJmol! 
(DH? 461) 
CH, + CH, ——- CH,—CH, AH? = -378 К) mol"! 
(DH? = 378) 
Е + Е — Е-Е AH? = -159kJ тог! 
(DH? = 159) 
107 CH—H + FÉ. —= GH; + НЕ AH? = -ІЗОК) тој“! 
сиу + F—F > СЊ—Е + Ж АН? = -302 Ы mol! 
CH—H + Е-Е —> СН) Е + H—F AH? = -432 Ку тог! 


10.8 (a) Reactions (3), (5), and (6) should have Е а = 0 because these are gas-phase reactions 
in which small radicals combine to form molecules. 


(b) Reactions (1), (2), and (4) should have Ега > O because in them covalent bonds are 
broken. 


LibraryPirate 


RADICAL REACTIONS 185 


(c) Reactions (1) and (2) should have Ела = АН? because in them bonds are broken 
homolytically but no bonds are formed. 


10.9 (a) 5: F—H— CH, 6. 


Ела = +5.0 Кто“! 


ас! 


Step 2 


Reaction coordinate —> 


5: CH,—F-—F à 


Ега = +1.0kJ mol! 


Reaction coordinate ——> 


(b) 2р: 


= Ела = +159 kJ mol! 


Reaction coordinate —> 
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CH, + Е: 


Reaction coordinate — > 


(c) Notice that this is the reverse of Step (2) in part (a) 


| Е 47 135 К) тој! 
AH?- 4130 kJ тој“! 


CH, + H—E | 


Reaction coordinate —> 


10.10 (a) CH,CH,—H + СІ. —= CH,CH, + НСІ 
(DH? = 421) (DH? = 432) 
AH? = —432 +421 = —11 KJ mol! 


Transition 
state 


5- 5- 
CI-- H---CH,CH, 


Е + *42KJ mol! 


| CH,CH, + Cl- 


АН?--11 kJ mol"! 
CH4CH5: + H—Cl 


Reaction coordinate ——» 
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(b) The hydrogen abstraction step for ethane, 
CH,CH,—H + Cl --- CH,CH, + НСІ (Ё, = 42K) mol!) 
has a much lower energy of activation than the corresponding step for methane: 
CH- H С == СН + НС! (Ex = 16kJ mol-!) 


Therefore, ethyl radicals form much more rapidly in the mixture than methyl radicals, 
and this leads to the more rapid formation of ethyl chloride. 


hv 


10.11 Ch saa 20) 


or heat 


H 
Step2a Cl + зи — н-ср + 2 
“Р cl ats 


CI 


Step 3a Aa + СІ-СІ —» P + Ck 


1,1-dichloroethane 


Step2b С! + Ным ы --> Н-сі + а 


CI 
СЕБЕ - ар ісі, — ^ ^w ow ei 
1,2-dichloroethane 


10.12 (a) There isa total of eight hydrogen atoms in propane. There are six equivalent 1? hydrogen 
atoms, replacement of any one of which leads to propyl chloride, and there are two 
equivalent 2° hydrogen atoms, replacement of any one of which leads to isopropyl 
chloride. 


CI 
жын - жай жолы 


If all the hydrogen atoms were equally reactive, we would expect to obtain 75% propyl 
chloride and 25% isopropyl chloride: 


% Propyl chloride = #8 x 100 = 75% 
% Isopropyl chloride = 74 x 100 = 25% 


(b) Reasoning in the same way as in part (a), we would expect 90% isobutyl chloride and 
10% tert-butyl chloride, if the hydrogen atoms were equally reactive. 


Да Да Д. 


% Isobutyl chloride = %0 x 100 = 90% 
% tert-Butyl chloride = Ио x 100 = 10% 
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(c) In the case of propane (see Section 10.6), we actually get more than twice as much 
isopropyl chloride (55%) than we would expect ifthe 1° and 2° hydrogen atoms were 
equally reactive (25%). Clearly, then, 2? hydrogen atoms are more than twice as reactive 
as 1° hydrogen atoms. 

In the case of isobutane, we get almost four times as much tert-butyl chloride 
(37%) as we would get (10%) if the 1° and 3° hydrogen atoms were equally reactive. 
The order of reactivity of the hydrogens then must be 


10.13 The hydrogen atoms ofthese molecules areall equivalent. Replacing any one of them yields 
the same product. 


CI 


РАТ + CL E А (+more highly chlorinated products) 


cl 


h В р 
+ сі, pary mi (+more highly chlorinated products) 


We can minimize the amounts of more highly chlorinated products formed by using a 
large excess of the cyclopropane or cyclobutane. (And we can recover the unreacted 
cyclopropane or cyclobutane after the reaction is over.) 


10.14 (a) С (b) 


cl cl cl СІ СІ 
OC ES ре ЭЖ, 
light 
(S)-2-Chloropentane (2545)-2,4-Dichloro- (2R,45)-2,4-Dichloro- 
pentane pentane 


(b) They are diastereomers. (They are stereoisomers, but they are not mirror images of each 
other.) 


(c) No, (2R,45)-2,4-dichloropentane is achiral because it is a meso compound. (It has a 
plane of symmetry passing through C3.) 


(d) No,the achiral meso compound would not be optically active. 


(e) Yes, by fractional distillation or by gas chromatography. (Diastereomers have dif- 
ferent physical properties. Therefore, the two isomers would have different vapor 
pressures.) 
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(fandg) Inaddition to the (2.5,45S)-2,4-dichloropentane and (2 R,4.S)-2,4-dichloropentane 
isomers described previously, we would also get (25,35 )-2,3-dichloropentane, (25,37 )- 
2,3-dichloropentane and the following: 


с! cl cl CI 
| ае: + PW 3 + С -—— и 
(optically active) (optically inactive) (optically active) 


(a) The only fractions that would contain chiral molecules (as enantiomers) would be 
those containing 1-chloro-2-methylbutane and the two diastereomers of 2-chloro-3- 
methylbutane. These fractions would not show optical activity, however, because they 
would contain racemic forms of the enantiomers. 


(b) Yes, the fractions containing 1-chloro-2-methylbutane and the two containing the 
2-chloro-3-methylbutane diastereomers. 


(c) Yes, each fraction from the distillation could be identified on the basis of 'H NMR 
spectroscopy. The signals related to the carbons where the chlorine atom is bonded 
would be sufficient to distinguish them. The protons at C1 of 1-chloro-2-methylbutane 
would be a doublet due to splitting from the single hydrogen at C2. There would be no 
proton signal for C2 of 2-chloro-2-methylbutane since there are no hydrogens bonded 
at C2 in this compound; however there would be a strong singlet f orthe six hydrogens of 
the geminal methyl groups. The proton signal at C2 of 2-chloro-3-methylbutane would 
approximately be a quintet, due to combined splitting from the three hydrogens at C1 
and the single hydrogen at СЗ. The protons at CI of I-chloro-3-methylbutane would be 
a triplet due to splitting by the two hydrogens at C2. 


Head-to-tail polymerization leads to a more stable radical onthe growing polymer chain. In 


head-to-tail coupling, the radical is 2? (actually 2? benzylic, and as we shall see in Section 
15.12A this makes it even more stable). In head-to-head coupling, the radical is 1°. 


ла 
ГМ сн 
ROM 3, 


Zee at 
gp #т x -> 
OCH, OCH 
(from Monomer 
initiator) 
ла an 
== == 
OCH, OCH, 
" | LOU om Аш aln айы: 4 
OCH; OCH; Deu ocHsecg, => 


n 
OCH; ОСН; OCH; 
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10.19 


10.20 


(b) a "y cl 

cl 
и ~ Y а 
A — ! ——— 
CI CI cl 
(from Monomer 
initiator) 
Pa ај _ 
cl а а рама и 
п 


Cl CICI CICI С! 


In the cationic polymerization of isobutylene (see text), the growing polymer chain has a 
stable 3° carbocation at the end. In the cationic polymerization of ethene, for example, the 
intermediates would be much less stable 1° cations. 


H H 


N H FX 
К fp и зе сын) = ер д «Өй» 


H H 1° Carbocation 


With vinyl chloride and acrylonitrile, the cations at the end of the growing chain would be 
destabilized by electron-withdrawing groups. 


A 5 ж | 
Mu за. “алаг. а=” 


1 cl 


== CN 
A f gy CN а ж etc. 
H ae »- г: -----> см — 
CN CN 


Radical Mechanisms and Properties 


а) Br, 39 а. 2 Br 


о» (У — (У + HBr 
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(3) í 
O Б В; == [109 = Br 


then 23 2,3 etc. 


10.21 For formation of << , the rate-determining step is: 
Br 


+ 
Br + ———- ———- 
H 
A 
For formation of Br. the rate-determining step is: 
+ 
5' 
Br + ——» А Н. в" — 
H Br 
Bt 


Reaction coordinate 


А” isa 3? alkyl radical and more stable than В” „а 1° alkyl radical, a difference anticipated 
by the relative energies of the transition states. 

As indicated by the potential energy diagram, the activation energy for the formation of 
А+ is less than that for the formation of В+. The lower energy of А+ means that a greater 
fraction of bromine atom-alkane collisions will lead to А” rather than to В“. 

Note there is a statistical advantage to the formation of В“ (6:1) but this is outweighed 
by the inherently greater reactivity of a 3? hydrogen. 


cl 
10.22 Гү and “~ arethe only monosubstitution products which can be formed from 


cyclopentane and ethane, respectively. (However, direct iodination of alkane is not a feasible 
reaction, practically speaking.) 
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Br 
Br 


and pu would be formed in amounts much larger than the isomeric alterna- 


tives due to the highly selective nature of bromine. 


Br 
Formation of Tw and AY would be acompanied by considerable 
CI 


amounts of isomeric byproducts in each case. 


10.23 Chain-IniNating Step 


heat, Av 
Cl ——— 2С! 
light 


Chain-Propagating Steps 


ер ole 


Е C 
+ HC] --- + Cl 


10.24 (a) Three 


Cl, „Н Hy „С 
P diia ы" E е Cl + E Iw ^ M d 
I и 1H 


: TW 
Enantiomers as a 


racemic form 


(b) Only two: one fraction containing 1, and another fraction containing the enantiomers 
II and 111 as a racemic form. (The enantiomers, having the same boiling points, would 
distill in the same fraction.) 


(c) Both of them. 
(d) The fraction containing the enantiomers. 


(е) In the ІН spectrum for 1-chlorobutane the signal furthest downfield would be that 
for —CH2C1; it would be a triplet. The corresponding signal for — CH — in either 


а 
enantiomer of 2-chlorobutane (also furthest downfield) would be an approximate sextet. 
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The DEPT spectra for 1 -chlorobutane would identify one CH; group and three СН, 
groups; for 2-chlorobutane, two (non equivalent) CH3 groups, one CH; group, and one 
CH group would be specified. 


(f) Molecular ions from both 1-chlorobutane and the 2-chlorobutane enantiomers would 
be present (but probably of different intensities). M* 4-2 peaks would also be present. 
Both compounds would likely undergo C — С! bond cleavage to yield САНУ cations. 
The mass spectrum of 1-chlorobutane would probably show loss of a propyl radical by 
C — С bond cleavage adjacent to the chlorine, resulting in an m/z 49 peak for СНС! 
(and m/z 51 from?"C1). Similar fragmentation in 2-chlorobutane would produce an m/z 
63 peak for CH3CHCI* (and m/z 65). 


10.25 (a) Five 


H Cl H с! CI cl на на на Сн 
„ к тр. IMS MM LaL 
(R)-2- A B С D 

Chlorobutane нс! 
Е cl 


(b) Five. None of the fractions would be a racemic form. 
(c) The fractions containing A, D, and E. The fractions containing B and C would be 
optically inactive. (B contains no chirality center and C is a meso compound.) 


10.26 (a) Oxygen-oxygen bondsare especially weak, that is, 


HO—OH DH? = 214 kJ mol"! 
CH, DH°= 184kJ mol! 


s ca 
This means that a peroxide will dissociate into radicals at a relatively low temperature. 


Ro—om LNC, әр. 


Oxygen-hydrogen single bonds, on the other hand, are very strong. (For НО — Н, 
DH? = 499 kJ mol-!.) This means that reactions like the following will be highly 
exothermic. 


RO- — КОН № 


(b) Step 1 d. "t Ае. „йм 
| Chain 
g | Initiation 
Step 2 On x "RH; e OH + в. 


Step3 В: + СІ-СІ — R—cl + Cl: 


Chain 
Propagation 
Step4 С! + R—H > H—Cl + В: 
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mck Д да. 


(2°) (1°) 


10.28 R—CHh bond dissociation to form a primary radical: 


BDE[CH3CH2CH2CH2—CHs] = 80.9 + 147 — (— 146.8) = 375 kJ/mol 


R—CHh bond dissociation to form а secondary radical: 


BDE[CH3;CH?CH(CH3)—CH3] = 69 + 147 — (—153.7) = 370 kJ/mol 


К—СНА bond dissociation to form a tertiary radical: 


BDE[(CH3); C—CH;] = 48 + 147 — (—167.9) = 363 kJ/mol 


These calculations are consistent with the relative stability of radicals presented in Sec- 
tion 10.2B based on C—H bond dissociation energy comparisons. 


10.29 Single-barbed arrows show conversion of the enediyne system to а 1,4-benzenoid diradical 
ма Ше Bergman cycloaromatization. Each alkyne contributes one electron from a pi bond 
tothe new sigma bond. The remaining electrons in each ofthe pi bonds becomethe unpaired 
electrons of the 1,4-benzenoid diradical. The diradical is a highly reactive intermediate that 
reacts further to abstract hydrogen atoms from the DNA sugar-phosphate backbone. The 
new radicals formed on the DNA lead to bond fragmentation along the backbone and to 


double-stranded cleavage ofthe DNA. 


Bergman 
cycloaromatization 


Calicheamicin enediyne 
intermediate 


Hydrogen 
abstraction 
Но», from DNA 


| 


1,4-Benzenoid diradical 
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10.30 DH*(kJ mol!) 
CH, = CH—H 465 
(CH3 CH —H 413 
CH; = CHCH} —H 369 


(a) It is relatively difficult to effect radical halogenation at Н, because of the large DEP for 
dissociation of a bond to a vinylic hydrogen. 


(b) Substitution of Нь occurs more readily than H, because ОН” for the generation of an 
allylic radical is significantly smaller than that for the formation of a simple 2? radical. 


о 
10.31 (1) U^ шеш „ 


Eo 1 
(2) — ub + CO, 
о 
а udi о 
(3) + ---- + 


then 2,3 2,3 etc. 


Synthesis 
Во Br Nal I 
1032 ces oe. se (852) ње 
light 
о, 6 BE x. „өң НЕ i2 „бзш 
(Sn2) (-H)) 
[from part (a)] ~ ы 
о 
| Se" 
Во Вг ж ок 
(o ы— r 
heat, 
light 7 OH 
beat (E2) 
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Br Қ 
B 
(d) P ща dM Тома ше 
heat, „он, / 
light heat 
(E2) HBr, 
ROOR, 
heat, light 
Br 
(by anti- 
Markovnikov 
addition) 
(e) CH, —— —- CH3Br 
heat, 
light 
"cm 1) NaNH; m 1) NaNH; Ten 
ЯҒ; lig. МН к lig. NH3 = 
2) CH3Br 2) CHBr 
= 1) NaNH; m H5, мВ 
(f) Н ———H liq. NH; SH AT чи 
2) Вг Н» Lindlar’s 
[from part (a)] catalyst НА, НО 
A 
(g) “Вг + Nat-N=N= N^ N=N=N- 
а = 
[from part (a)] 
33 Br; Br „Ома H,0 OH 
10.33 (а) я 
hv „он ~> н,50; 
pu = P 
® „м ROOR Br 
[from (a)] 
ша (1) BH, : THF D 
— 
© A. уно,он- OH 


[from (a)] 
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м ж ay \ F 2 | ТНЕ-СН;ОН M 
И 
( “ (2)NaBH, OH- OCH3 


[from (a)] 
Br 


+ enantiomer 
(f) ом. 
он 
OH 
Br, NaOH 
———>» —- О 
H20 "" Br H20 


+ enantiomer 


10.34 ШО 
ш. ше. ж. SES 2 gt dE. 
N 


d 
о” “у Ун о” = 
(4) + ссек 
Ж 
then 3,4 3,4 etc. + on 
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10.35 Besides direct H- abstraction from C5 there would be many H- abstractions from the three 
methyl groups, leading to: 


Any of these radicals could then, besides directly attacking chlorine, intramolecularly ab- 
stract Н. from C5 (analogous to the “Баск biting" that explains branching during alkene 
radical polymerization). 


о 
10.36 (1) ph Pi heat, „› Ph 
0-07 "Ph о 


am == пое Ch 


(3) Ph: Ар ——> РН + AN 
а — P ei 
2 Any — чур ч 


then 4,5 4,5 etc. 


+ 2 ---> + 
10.37 uo ща но Кон 


dimerization H ud — — 
X 
> М 
N NN 
10.38 (1) 7 + Bu,SnH + Виз5о: 


H 
(from AIBN) 


i 5 
(2) Bu,Sn + Фа —— > Bu3Snl + or 
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oy + Вобан = ——> Cy + Bu,Sm 


then 2,3 2,3 etc. 


О о 


(0) 
ER su eg dn is dris 


О 
— Ph CO 
Mss + 2 


Ph + Вон ———» РЕН + Визбп 


BuSr + ANNAN Br — > BuSnBr + ANAS, 


PRR — (5 


+ Вои;Ѕан ——> Ô + Bum 


^^^. + тын --- > ата таса Виз п" 


10.40 Unpaired electron density in the methyl radical is localized solely above and below the car- 
bon atom, in the region corresponding to the p orbital of the approximately sp?-hybridized 
carbon atom. The ethyl radical shows some unpaired electron density at the adjacent hy- 
drogen atoms, especially the hydrogen atom that in the conformation shown has its H—C 
sigma bond aligned parallel to the unpaired electron density of the p orbital of the radical. 
The larger size of the spin density lobe of the hydrogen with its H—C bond parallel to 
the p orbital of the radical indicates hyperconjugation with the radical. This effect is even 
more pronounced in the tert-butyl radical, where three hydrogen atoms with H—C sigma 
bonds parallelto the radical p orbital (twohydrogens abovethe carbon plane and one below 
in the conformation shown) have larger unpaired electron density volumes than the other 
hydrogen atoms. 


10.41 The sequence of molecular orbitals іп О; is als (HOMO-7), в*15 (HOMO-6), а25 
(НОМО-5), с*25 (HOMO-4), л2р, (HOMO-3), л2р. (HOMO-2), о2р, (HOMO-1), 
2*2p, (HOMO), л*2р. (LUMO). Therefore (a) HOMO-3 and HOMO-2 represent bond- 
ing pi molecular orbitals, (6) НОМО-1 is a bonding sigma molecular orbital comprised 
of overlap of the p, orbitals on each oxygen, and (c) the HOMO and LUMO represent 
the antibonding pi molecular orbital counterparts to the bonding pi molecular orbitals 
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represented by HOMO-3 and HOMO-2. Note that the orbitals in 5 and р orbitals in O, are 
not hybridized. A diagram of the orbitals and their respective energy levels is shown below. 


HOMO- (c2p,) 


НОМО-2 (п2р,) ^ — 


НОМО-5 (625) 


HOMO-6 (c* 1s) 


HOMO-7 (ols) 
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QUIZ Use the single-bond dissociation energies of Table 10.1 (page 202): 
10.1 On the basis of Table 10.1, what is the order of decreasing stability of the radicals, 
НС--С- СН,--СН. CH,—CHCH,: 7 


(а) НС--С- > CH,—CH. > СН;--СНСН;- 
(b CH=CH: > НС--С- > CH,—CHCH, 
(c) CH,—CHCH, > НС--С- > CH,=CH- 
(4) CH,—CHCH, > СН;--СН. > HC=C- 


(е) CH=CH: > CH,—CHCH, > нс=<: 


10.2 In the radical chlorination of methane, one propagation step is shown as 


cl + CH, — на + -CH 


Why do we eliminate the possibility that this step goes as shown below? 

Cl^ + CH, --”- CHCl + Н: 

(a) Because in the next propagation step, Н. would have to react with СІ; to form Cl- and 
HCI; this reaction is not feasible. 

(b) Becausethis alternative step has a more endothermic АН“ than the first. 

(c) Because free hydrogen atoms cannot exist. 

(d) Because this alternative step is not consistent with the high photochemical efficiency 


of this reaction. 


10.3 Pure (S)-CH3CH2CHBrCH; is subjected to monobromination to form several isomers of 
С.Н, Вгҙ. Which of the following is not produced? 


(a) H, ,Br (b) Br, ‚Н (o) H, Вг 


вг ‘Н Be CH H “Br 


(d) did (e) ве X ~ 
Br Вг H Br 


10.4 Using the data of Table 10.1, calculate the heat of reaction, АН”, of the reaction, 
CH,CH, + Br, — „<р, + HBr 


(а) 47 kJ тој“! (b) —47 kJ тог“! (c) 1275 kJ тој“! 
(d) —1275 kJ mol-! (e) —157 kJ тој“! 
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Table 10.1 Single-bond homolytic dissociation energies D Б” at 25°C 


Аз: Bi „Ан Ве 


Compound kJ тој“! Compound kJ тој“! 
H—H 436 (CH3)2CH—Br 298 
D—D 443 (CH3),CH—I 222 
F—F 159 (CH3);CH—OH 402 
сІ-СІ 243 (CH3),CH—OCH3 359 
Br—Br 193 (CH3j;CHCH;—H 422 
1-1 151 (CH3)3C—H 400 
H—F 570 (снзус-с! 349 
H—CI 432 (CH3)3C—Br 292 
H—Br 366 (CH3)3C—I 227 
H-I 298 (СН3зС-ОН 400 
CH;—H 440 (CH3).C—OCH; 348 
CH;—F 461 C&H,CH;—H 375 
CH;—Cl 352 CH2=CHCH2—H 369 
CH;—Br 293 CH,2CH—H 465 
CH;—I 240 CsHs—H 474 
CH;—OH 387 HC=C—H 547 
CH;—OCH; 348 CH3—CH3 378 
CH;CH;—H 421 CH3CH;—CH; 371 
CH3CH;—F 444 CH3CH?;CH;—CH; 374 
CH3CH;—Cl 353 CH3CH;—CH;CH; 343 
CH3CH;—Br 295 (CH3j;CH—CH; 371 
CH3CH;—I 233 (CH3)3C—CH3 363 
CH4CH;—OH 393 HO—H 499 
CH3CH;—OCH; 352 HOO—H 356 
CH;CH, CH,—H 423 HO—OH 214 
CH4CH;CH;—F 444 (CH3)3CO—OC(CH3)3 157 
CH3CH;CH;—Cl 354 9 9 

CH3CH;CH;—Br 294 

CH;CH;CH,—I 35: C,H,CO—OCC H, 139 
CH;CH;CH;—OH 395 CH3CH;0—OCH; 184 
CH;CH;CH;—OCH; 355 CH3CH;0-H 431 
(CH3);CH—H 413 | 

(CH3)2CH—F 439 CH,C-H 

(CH3);CH—CI 355 364 
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10.6 What is the most stable radical that would be formed in the following reaction? 


10.7 


10.8 


RADICAL REACTIONS 


Which gas-phase reaction would have Ела = 02 


(а) СН; + p" "ЕН fh А 


(Б, Cie Cif > GH, а 
(б) CHCH; + ІСІН” — РАЈА 
(d) Br + H—Cl — > H—B + Ch 


(B) Ве + 'H—P ===> Н-ЗВв et de 


ae + HCl 


The reaction of 2-methylbutane with chlorine would yield a total of 
monochloro products (including stereoisomers). 


For which reaction would the transition state most resemble the products? 
(a) “ЕН, + Bs == СН. + НЕ 
(D CH, + Cl — CH; + HCl 
(c) CH, + Br —> СН; + HBr 


(d) ‘CH, t ІР = ‘GH: КЕ НІ 
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SOLUTIONS TO PROBLEMS 


Note: A mixture of bond-line and condensed structural formulas is used for solutions in 
this chapter so as to aid your facility in using both types. 


11.1 These names mix two systems of nomenclature (functional class and substitutive; see 
Section 4.3F). The proper names are: isopropyl alcohol (functional class) or 2-propanol 
(substitutive), and tert-butyl alcohol (functional class) or 2-methyl-2-propanol (substitu- 
tive). Names with mixed systems of nomenclature should not be used. 


11.2 (a “Хон al Brod: 
OH 
1-Propanol 2-Propanol Methoxyethane 
or propan-1-ol or propan-2-ol (Ethy! methyl ether) 


(Propylalcohol) ^ (Isopropyl alcohol) 


OH 
(b) Тон Ху Гон ығ қа 


1-Butanol 2-Мећу!-1-ргорапо! 2-Butanol 2-Methyl-2-propanol 
or or or or 
butan-1-ol 2-теіһуіргорап-1-о! butan-2-ol 2-methylpropan-2-ol 


(Butyl alcohol) (Isobutyl alcohol) ^ (sec-Butyl alcohol) (гегі-Вшуі alcohol) 


одаи жатта Y 


1- Methoxypropane Ethoxyethane 2-Methoxypropane 
(Methyl propyl ether) (Diethyl ether) (Isopropyl methyl ether) 


OH 


in ај (b A^ oH (c) es 


OH 
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11.4 A rearrangement takes place. 


> алты ы 2-methanide 
m H—* 
(a) EN C NE 


H 


РРА 


2,3-Dimethyl-2-butanol 
(major product) 


(b) (1) Hg(OAc);/THF-H50; (2) МаВН4, OH- 
(oxymercuration-demercuration) 


115 (a) Гон + NaN, --- 4/70 ма + NH, 


Stronger Stronger Weaker Weaker 
acid base base acid 
(b) “он. Нема „очна в НН 
Stronger Stronger Weaker Weaker 
acid base base acid 
о О 
(9, “ан + Jg қар = Те ща + Мы 
Weaker Weaker Stronger Stronger 
acid base base acid 


ф ^^ oH + мон = ом + но 


Weaker Weaker Stronger Stronger 
acid base base acid 


+ 
116 би \ ou. А 
Е H—Br и -Н;0: + 
—— >» ——>» 
Вг 
ESOS < _ 
:Вг: 
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11.7 (a) Tertiary alcohols react faster than secondary alcohols because they form more stable 
carbocations; that is, 3° rather than 2°: 


P А + во 
H E 1 x 
Ae 


(b) CH3OH reacts faster than 1° alcohols because it offers less hindrance to Sy2 attack. 
(Recall that CH3OH and 1° alcohols must react through ап Sy2 mechanism.) 


PCI 
поне ese cure med 0-30 
РОС, — 
СИН >, ЊЕ SO,OCH 
Базе НС) | ^? 2: 3693 


PCI; OH 
(b) CH,SO,OH ———————-  CH4SO,C|] ------- 
Уа (-POCL, -НСІ) Hast base (НС 


pur" 
Ри 
с) СЊЗОСТ -------- 
ВИНА ос OSO;Me 


OH OTs 
11.9 (a) Pw" " TsCl retention Pu 
(руг) (-НСІ) 
X 
OTs OH 
СА : 


= NM inversion Р Ore 
но: 542 a 


| idt EN OR, == а“ dme 
etention > inversion “ Ра 
он "СІ 


(руг.) 
cis-2-Methyl- 
cyclohexanol 
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11.10 Use an alcohol containing labeled oxygen. If all ofthelabel appears in the sulfonate ester, 
then one can conclude that the alcohol C—O bond does not break during the reaction: 


18 ; base 18 ; 
R—O—H + R’—SO,Cl —— —» R—O—SO,—R 
(-НСІ) 
НА -H20 + R^ "oH 
ac 2 ЕЕ — UM xu S^ 
11.11 HO HO (1? only) 


A- 
+ E= 


This reaction succeeds because a 3° carbocation is much more stable than a 1° car- 
bocation. Consequently, mixing the 1° alcohol and Н;50, does not lead to formation of 
appreciable amounts of a 1° carbocation. However, when the 3° alcohol is added, it is rapidly 
converted to a 3° carbocation, which then reacts with the 1° alcohol that is present in the 
mixture. 


сн; 


67 4 
of Tm 


(L =X, OSOR, ог ОЅО,ОВ) 


11.12 (a) 


ei о 
(2) сн,б ч -- па жш 


(L = X, OSOR, or OSO;OR) 


(b) Both methodsinvolveSy2 reactions. Theref ore, method( 1) is better because substitution 
takes place at an unhindered methyl carbon atom. In method (2) where substitution 
must take place at a relatively hindered secondary carbon atom, the reaction would be 
accompanied by considerable elimination. 


per 
CH30: + BA — ZN + CHOH + 17 


1113 @ HO + gg ©! Hj + -а 79 — А + d 
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(b) The — ос group must displace the СГ from the backside, 


cl cl 
е он- Се 
S H H 
OH H H 
1 о: = 


OH 
trans-2-Chlorocyclohexanol 


=== 


(с) Backside attack is not possible with the cis isomer (below); therefore, it does not form 


an epoxide. 
H 
сі 
Фа эче 
“он E 
СІ 


cis-2-Chlorocyclohexanol 


11.14 СҮ Lx Ст Leu ene 
-gt 
он “GD OK О 
B 


Та 
руг. 


d 7% 
Ts Neo» ^ 


а 
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H 
? uy 9 | 
е Q | 20 
ЈОЈ ж i m T + HSO% 
о 
mg X 
OH 
с". 4 
" H 
e 
11.16 @ о’ ran 
pow + HI — | + — 


512 attack by I^ occurs at the methyl carbon atom because it is less hindered; therefore, 
the bond between the sec-butyl group and the oxygen is not broken. 
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(b) 
+ 
OMe + НЕ => idi + Г 
Н 


MeOH + p^ T. за 


In this reaction Ше much more stable tert-butyl cation is produced. It then combines with 
I- to form tert-butyl iodide. 


p B 


11.17 cem БЕРН вест 9те == 
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Ox uel > cl 
С 


Methyl Cellosolve 


HO, 
(b) Ananalogous reaction yields ethyl cellosolve, 5s == 


о 
+ OH" 
HO. 
МН; 


=:0Me ГО HO, 
2 e E MeOH М + CH,O- 


OMe OMe 


211 


11.20 Thereaction is an Sy2 reaction, and thus nucleophilic attack takes place much more rapidly 


atthe primary carbon atom than at the more hindered tertiary carbon atom. 


a. т, fast 2 < Major 
MeO: + лан?“ мео ОН рес аы 
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E OX slow / < Мшог 
MeO: + меон > HO OCH3 product 


о 


11.21 Ethoxide ion attacks the epoxide ring at the primary carbon because it is less hindered, and 
the following reactions take place. 


t ая A 
СОК бон —- C OEt 
:0 


4 


11.22 


(plus enantiomer, 


но Ж 
— > “ОН by attack at the other 
-Н3О / E 
"H epoxide carbon) 
OH 
11.23 A: 2-Butyne D: О 

B: Hz, Ni;B (P — 2) IU 
C: MCPBA E: MeOH, cat. acid 


1124 (a) as (b — /— 
о о 
S пра 
о о 
ААА 15-Crown-5 12-Crown-4 
Problems 
Nomenclature 
11.25 (a) 3,3-Dimethyl-1-butanol or 3,3-dimethylbutan-1-ol 
(b) 4-Penten-2-ol or pent-4-en-2-ol 
(c) 2-Methyl-1,4-butanediol or 2-methylbutan-1,4-diol 
(d) 2-Phenylethanol 


(e) 1-Methylcyclopentanol 
(f) cis-3-Methylcyclohexanol 
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11.27 


11.28 


11.29 


Reactions and Synthesis 


(а) ЗА 


(a) Р t 
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@ ze @ Фа 
BH, : THF 
——————- 
"sz 2 (hydroboration) Cavey 
H,0,/OH- Pri es 
(oxidation) 
Qe Ser Se. reer 


с! "ж j Рта 


(c) ща 


НВг 
ROOR 


LibraryPirate 


214 ALCOHOLS AND ETHERS 


Но 
(d ~_ == NBD Е 3 


as in (a) 
ql: йн ВМИ 
11.30 OH Br 


@з А + PB —- за Д + во, 


HBr 
(no peroxides) 


(c) See (b) above. 


Br 


н, НВг 
о ——M с 
(d) --- мВ (P-2) “= (no peroxides) ари 


(1) ВН; : THF 
11.31 (a) = E" had ata PW 


(2)H,02, OH - 


(b) ; (1) BH, : THF Дет 
0) О 


от 


ВОз : ТНЕ B OT 
(c) > > = X SR g „Ал 
D 


OH ONa ыт 
па > M, — ue тате 
1 


[from (а) 


‚ОН cl 
11.32 “СҮ + SOC — ШЕ» + SO, + НСІ 
cl 
(b) © = б > І 
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©) НВг 
c — 
| (no peroxides) 
1) BH; : THF 
(d) or [BBS STR ы 
(2) H203, ОН“ 


+ enantiomer 


—H 
OH 
Br ~ 
= OK о ы THF Тон 
Q) H0, OH- 
11.33 (а) CHBr + “pr ч, 
г 
(b) ~ + Zorn. (d) в Хм Вг (2 molar equivalents) 
1.34 A: МА Хо Nat ay а ы айы 
В: ЖА Seg Sa | 
H: Si 
i А 
с: тете qat | 
CH3 | 
D: дж кра 1: 51 
о + CH3SO; Na i APT. De 
E: 


о У ds ON sg 


F: K: е часа cl 
Аы а № SO; Ма" pw 
L: Br 


11.35 А: ва Na* D: Cr 
B: о Е: о 
p Фа Фа 
с: oO. F: I 


“cH; + CH;SO;Nat 
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11.36 (a) 


(b) 


(c) 


(d) 


(e) 


T 


M 


B 


B 


y 


г 


| 


acetone 


(1) (BH3); 


22 
) > 


G) 
LibraryPirat 


> 


J> 


> 
— 
> 


(g 

B 
hw — 
à) 


B 
B 


= 


= 


Г 
r 
r 


(2) H203, OH- 


HBr 
— ~ 
(no peroxides) 


CH,ONa 
-o 
CH30H 


CH4SNa 
— 3 
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(k) = _ 74 gu 989, о 
H,0 do 
0 = Ed Bt ec pu 
но Ho 
(m) Fe NE pur 
excess 
HO HO 
“ОЕ! 
О 
(п) pu 
EtOH Ho Bye 
Br 
NaNH; cz H 
11.37 Н—=== > Н-----Ма-----------> 
liq. NH3 


В (СН 5 Ма) 
A Pe hey 
С (СоНзв) 
Hor y- e e. _MCPBA . 
МОВ = NB PZ 4 


а: D (СуоНзз) 


4 
н О н Disparlure (С) НО) 


1. PBr3 
2. Na0C(CH3), 


11.38 (а) аб. si = У 3. H20, H2504 cat. 
OH : 


а. А 


OH 
Br 1. NaOC(CH3) о 
(b) ва 2. CHC(0)O0H FE] 
— < 
1. NaOC(CH3) 


I 2. НО, H2504 cat. 
(c) ---------- 
OH 
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oH 
@ С) NaOH, HO _ СІ 
но, H,80, cat. “он 
МСРВА 
or - С» 


1. NaOC(CH3)5 


Вг 
"С" ER. су 

“ОН 
SOCI FP 
11.39 ми — > aN = T d 


"m OH HBr Br ~ Br 


NaNH. 
(© ~ ~~ Хон = “Sonat + мн; 
(d) PBr3 
< “ОН X “Вг 
% 2 
(е) E | 1) ТӘСІ, pyridine H : 
а OH 2)NaSCH;CH, uis di g^ 
Nal 
(8 ОВУ M SS OH a POSS 
H SO, 


11.48 (a) O I I 
жа HI (excess) pene т моа“. 
i 
о OH 
(b) СУ че HI (excess) о 44 : 


(c) ра 
H2504 ЊО _ H20 
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HO 
(d) о NaOCH; ка 7 


OCH; 
Кее 
(е) О НОСНа, H2504 
eee ees À 
4 ОН 
НО Ets 
(f) Уе ж 
1. EtSNa SEt он 
2. Н2О 
ЕК. к M 
HO P - OH 
5 d 
g) 
ps HCI (1 equiv) cl + но ~ 
> 
(h) 
ors MeONa 
no rxn 
1 EtONa MeO 
(i) о 2. Ме! ) 
в 
ж OEt 
HO 
0) pot — H җн I 
1. EtSNa MeO MeO 
о 2. Mel и / и X f 


11.41 (а) --------- 7 4 | S 
"S SEt £^ sm 


e ДА PR HBr (excess) к” hosts 
о Вг 
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о En о “.0 
(d) 2. NaH 1 
Ye. 5. 
HS0; (cat) 


OH 
11.42 жү нер 
жа Ch СІ {Te а Sh с! с! 
400°C H20 
p leq (b) 
ҮН он“ 0 
HO. жн Г. a aL] 
XS 
(a) 
Glycerol Epichlorohydrin 
mie „CH3 
11.43 (а) А = + enantiomer B = + enantiomer 
~OH OTs 
"СН; 
C= + enantiomer 
“OH 
„«СНз 
” = + enantiomer A and C are diastereomers. 


ma 


(b E 


1 
H ,,OMs 
TAVA ж JO 
H H 
С 
Ill 
С 
CH3 
H 
|| 
boul H 
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OMe 


H and J are enantiomers. 


Mechanisms 


11.44 E 
OH. $ 
OH HA cen -н0 А H 
— H 
+ H20 3° Carbocation 
is more stable 
"S 
UK LH 
=—— > * HA 


ча 

1 

ав 
| 3» 
о H 
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11.46 ма *pr.) Ж 


бе ион 


OH 
11.47 H3PO, (cat), СНҘСН;ОН "а о» 
О 
| ~ 
н—07 | Тон _ OH 
\ oH __/ 
[9] 
\ 
H 
OH H 


е cl 
1148 (а) ы НСІ н 
+H O—OH --- (0 -== + enantiomer 
"он 


(b) The trans product because фе CI- attacks anti to the epoxide and an inversion of 
configuration occurs. 


H H = cl 
(2) o> H 
Ы он 


Н + enantiomer 
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Two 5,2 reactions yield retention of configuration. 


11.50 Collapse ofthe a-haloalcohol by loss of a proton and expulsion of a halide ion leads to 
the thermodynamically-favored carbonyl double bond. Practically speaking, the position 
of the following equilibrium is completely to the right. 


H—O X о 
ai ро 
PED ва еш 


я 
1.51 НО OH HA OH ОН —H30 
=, 9 / 
2& 2 к 
5 a ‹ но) ! 
3 ~ > x 
He = ) 9—0 


The reaction, known as the pinacol rearrangement, involves а 1,2-methanide shift to the 
positive center produced from the loss of the protonated —OH group. 
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11.52 The angular methyl group impedes attack by the peroxy acid on the front of the molecule 


(as drawn in the problem). II results from epoxidation from the back of the molecule—-the 
less hindered side. 


- 
- 
in 
m 


For ethylene glycol, hydrogen bonding provides stabilization ofthegaucheconformer. This 
cannot occur in the case of gauche butane. 


H 
РА H 
H OL 5+ и 
К H | only van der Waals 
H * 5 и repulsive forces 
H H H 


Challenge Problems 


11.54 Тһе reactions proceed through the formation of bromonium ions identical to those formed 
in the bromination of trans- and cis-2-butene (see Section 2.124). 


Br Me Br Me 
HB 9 -H20 
A H" =H bn "NL еН IX 
Me OH Me “он, 
+ ВЕ. 
Br) Br Me (Attack at the other carbon 
H gA KaMe — н >< H atom of the bromonium ion 
Me. 2 H Me Br gives the same product.) 
Br: 
meso-2,3-Dibromobutane 
Br H Br H 
Bí па МЕ QUE. ЖЖ. Ме Қы; NN 
+ 
Me OH Me Фӧн, 
+ Вг 
(а) H Br 
Me 
Н 
Вг Ме 
Вг 
H - SH 2,3-Dibromobutane 
Me Me (racemic) 
(a) Br: (b) Br H 
pa (b) ~ Ме 
Ме Вг 
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11.55 Со sec, 
к 4H -HCI 
о 


H H 
S 
| | 
о 
Сы 
–80; 
их = R H 
H CI 
11.56 OH ue 
АВ R 5 S 
HO 53 OH 
OH ^ —— achiral 22 ы 
А B 
R s к We s 
на «c4 ан HO ^ он 
"RU pseudoasymmetric 
С D 
A and B are enantiomers 
A, C, and D are all diastereomers 
B, C, and D are all diastereomers 
C is meso 
D is meso 
11.57 Ж 
:0 „СНз 
HON 
022 CH; T 
па: Ан DMDO НС, 
H3CAy ыб 
(Z)-2-Butene Concerted Epoxide 


transition state 


11.58 The interaction of DMDO with (Z)-2-butene could take place with “syn” geometry, as 
shown below. In this approach, the methyl groups of DMDO lie over the methyl groups of 
(Z)-2-butene. This approach would be expected to have higher energy than that shown in 
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the solution to Problem 11.57, an “anti” approach geometry. Computations have been done 
that indicate these relative energies. (Jenson, C.; Liu, J; Houk, К; Jorgenson, W. Л Am. 
Chem. Soc. 1997, 199, 12982-12983.) 


НЗС, Асетопе 
н.с 0: Н ges 
ay М 3 
"< рмро 
нас © 0: + "o" 
~ ји НС н 
все 44 H3C H 
(Z)-2-Butene Concerted Epoxide 
with “syn” approach transition state 
of DMDO 


Anti transition state 


Syn transition state 


QUIZ 
11.1 Which set of reagents would effect the conversion, 


Cr eK 


(а) BH3:THF, then H202/OH7 (b) Hg(OAc)2, THF-H20, then NaBH4/OH- 
(с) НзО+, H50, heat (d) More than one of these (e) None of these 


11.2 Which of the reagents іп item 11.1 would effect the conversion, 


H 
? А 
— + enantiomer 
OH 
H 
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11.3 The following compounds have identical molecular weights. Which would have the lowest 
boiling point? 


(a) 1-Butanol 

(b) 2-Butanol 

(c) 2-Methyl-1-propanol 
(d) 1,1-Dimethylethanol 
(e) 1-Methoxypropane 


11.4 Complete the following synthesis: 


A 

CH3SO;CI 
— 

base (-НСІ) 

B C 
„ома 
— 
(-СН;5О;ОМа) 
D 
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ALCOHOLS FROM CARBONYL 
COMPOUNDS: OXIDATION-REDUCTION 
AND ORGANOMETALLIC COMPOUNDS 


SOLUTIONS TO PROBLEMS 


12.1 (a) | 
›7``он 


Bonds to С, 

2toH = -2 
1000 = +1 

Total = —1 

= Oxid. state of С; 
Bonds to C2 

3toH = —3 

= Oxid. state of C, 


О 
„Жа 
Bonds to C, 
пон = -1 
2100 = +2 
Total = +1 
= Oxid. state of C, 
Bonds to C2 
3toH = —3 


= Oxid. state of C; 


О 
pon 


Bonds to C, 

3toO = 43 

= Oxid. state of С, 
Bonds to C; 

3toH = —3 

= Oxid. state of С» 


(b) Only the carbon of ethanol bonded to the —OH group undergoes a change in oxidation 
state, from —1 to +1 to +3. The oxidation state of the carbon of the CH3— group 


remains unchanged. 


2 
12.2 (а) 37S, 
Bonds to C; 


2toH = -2 
= Oxid. state of С; 


Bonds to C2 


1toH = -1 
= Oxid. state of C; 


Bonds to Са 


3toH = —3 
= Oxid. state of Cy 


228 


Pr, 

Bonds to C, 

3toH = —3 

= Oxid. state of С, 
Bonds to C; 


2toH = —2 
= Oxid. state of C; 
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The oxidation states of both C, and С» decrease as a result of the addition of hydrogen 
to the double bond. Thus, the reaction can be considered as both an addition reaction 
and as a reduction reaction. 


(b) The hydrogenation of acetaldehyde is not only an addition reaction, but it is also a 
reduction because the carbon atom of the C=O group goes from a + 1 toa — 1 
oxidation state. The reverse reaction (the dehydrogenation of ethanol) is not only an 
elimination reaction, but also an oxidation. 


lon-Electron Half-Reaction Method for Balancing Organic 
Oxidation-Reduction Equations 


Only two simple rules are needed: 


Rule 1 Electrons (e^) together with protons (Н+) are arbitrarily considered the reducing 
agents in Ше half-reaction for the reduction of the oxidiaing agent. Ion charges аге 
balanced by adding electrons to the left-hand side. (If the reaction is run in neutral 
or basic solution, add an equal number of OH- ions to both sides of the balanced 
half-reaction to neutralize the H+, and show the resulting H+ + OH- as НО.) 


Rule 2 Water (НО) is arbitrarily taken as the formal source of oxygen for the oxidation of 
the organic compound, producing product, protons, and electrons on the right- 
hand side. (Again, use OH- to neutralize Н+ in the balanced half-reaction in 
neutral or basic media.) 


EXAMPLE 1 


Write a balanced equation for the oxidation of ЕСНҘОН to ЕСОН by Cr20;7- in acid 
solution. 


Reduction half-reaction: 

Cr;07^- + Н+ + e- = 2CP* + 7Н,О 
Balancing atoms and charges: 

Cr207?- + 14H* + бе“ = 2Cr+ + 7H20 
Oxidation half-reaction: 

ЕСЊОН + H20 = RCO;H + 4H* + 4e7 


The least common multiple of a 6-electron uptake in the reduction step and a 4-electron 
loss in the oxidation step is 12, so we multiply the first half-reaction by 2 and the second 
by 3, and add: 


3RCH2OH + 3H20 + 2Cr207 + 28Н+ = 3RCO2H + I2H* + 4Сг+ + 14H20 
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Canceling common terms, we get: 


3RCH2OH + 2Cr2077- + 16H* —> 3RCO2H + 4CC* + 11H20 


This shows that the oxidation of 3 mol of a primary alcohol to a carboxylic acid requires 
2 mol of dichromate. 


EXAMPLE 2 
Write a balanced equation for the oxidation of styrene to benzoate ion and carbonate ion 
by МпО4 in alkaline solution. 
Reduction half-reaction: 
МпО.- + 4Н+ + Зе = MnO; + 2H;0 (in acid) 


Since this reaction is carried out in basic solution, we must add 4 ОН- to neutralize the 
4H* on the left side, and, of course, 4 OH- to the right side to maintain a balanced equa- 
tion. 


МпО4 + 4H* + 4 OH- + Зе = MnO; + 2H;0 + 4 OH- 
or, MnO,~ + 2H20 + Зе = MnO; + 4 ОН 
Oxidation half-reaction: 

ArCH — CH; + 5НО = ArCO;- + CO57- + 13H* + 10е- 
We add 13 OH- toeachside to neutralize the H* on the right side, 


ArCH — CH; + 5H20 + 13 ОН- = АгСО;- + СОз2- + 13H20 + 10e7 


Theleast common multiple is 30, so we multiply the reduction half-reaction by 10 and the 
oxidation half-reaction by 3 and add: 


3ArCH = СН? + 39 OH- + 10MnO,47 + 20H20 = ЗАГСО2 + ЗСОЗ?- + 
24H20 + 10МпО + 40 ОН“ 


Canceling: 


3ArCH= СН; + 10MnO4- —> 3ArCO7 + ЗСОЗ?- + 4620 + 10МпО» + OH- 


SAMPLE PROBLEMS 


Using the ion-electron half-reaction method, write balanced equations for the following 
oxidation reactions. 

(a) Cyclohexene + MnO4- + не 929%) HO2C(CH2)4CO2H + Мп?* + НО 

(b) Cyclopentene + MnO4~ + НО Еб cis-1,2-cyclopentanediol + МпОҙ-- ОН” 


(с) Cyclopentanol + HNO3 то) HO2C(CH2)3CO2H + NO? + НО 


(d) 1,2,3-Cyclohexanetriol + H104 (ою) OCH(CH2)3CHO + HCO2H + НОЈ 
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SOLUTIONS TO SAMPLE PROBLEMS 


(a) Reduction: 
MnO,” + 8 Н+ + 5e- = Мо +4H20 


Oxidation: 


H 
CO,H 

+ 4H,0 = + 8H* + 8e- 
н сон 


The least common multiple is 40: 
8 МпО4 + 64 H+ + 40е- = 8Мп2+ + 32H20 


H 
COH 

5 + 2090 = 5 + 40H* + 40e 
COH 


H 
Adding and canceling: 


H 
COH 
5 + 8 МаОр + 24H* —3 5 + 8 Ма2+ + 12 H,O 
Ж СОН 


(b) Reduction: 
MnO, + 2H20 + Зе“ = MnO? + 4 ОН” 
Oxidation: 
OH 
CF ОН” ud CL + 2е 
ОН 


The least common multiple is 6: 


2Мп047 + 4 H20 + бе = 2 Мпо; + 8 OH- 


OH 
<] + 60H = “СТ + бе- 
“он 
Adding and canceling: 
OH 
4 + 2MnO, + 4Hj0 —> “Т + 2MnO, + 20H- 
OH 
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(c) Reduction: 
HNO; + Н+ + e~ = NO; + Н2О 


Oxidation: 


OH 
+ 3H,0 = COH кеген «е 
27 со,н " 


The least common multiple is 8: 
8HNO; + 8 H+ + 8е = 8 NO: + 8 H20 


OH 
^ + зн,о (eom + вне + ве 
= е 

2 CO,H 


Adding and canceling: 


OH 


CO,H 
+ 8HNO, —> + 8NO, + 5H,O 
сон 


(d) Reduction: 
НО, + 2 H+ + 2e- = НЮз + H2O 


Oxidation: 
HO H 


о 
OH CHO | 

Н = == + - 
Н HO + HC—OH + 4H* + 4e 


CHO 
H 


The least common multiple is 4: 
2HIO4 + 4 Ht + 4e- = 2 HIO; + 2H20 


о 
OH CHO | 
Н + HO = < + HC—OH + АН“ + 4е 


CHO 
Adding and canceling: 


HO H 
ОН /— CHO 


| 
By + 2HIO, = < + HC—OH + 2HIO, + н,о 
CHO 


H 
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12.3 (a) ПАН, 
(b) LiAIH4 
(c) NaBH4 


/ ix 
12.4 (a) МН СГОЗСГ (РССУСН2СЬ 


(b) К nO4, ОН”, НО, heat; then H3O* [or conditions as іп (c) below] 
(c) H5CrO;/acetone [or conditions as in (b) above] 


12.5 (a) MgBr + H:OH 


ят 4 “ОН + Mg + Br 


pK, 15.7 pK, - 50 
Stronger base Stronger acid Weaker acid Weaker base 
[MBN (у _ 
рК, 15.5 pX, ~ 50 
Strongerbase Stronger acid Weaker acid Weaker base 
(c) им === C + Да 4 Mg?* + Br 
MgBr 
pK, 18 pK, ~ 50 
Stronger base Stronger acid Weaker acid Weaker base 
E A а 
(^ ^-^ Li + но Ss FS # Ог + Lit 
pK, 18 pK, — 50 
Stronger base Stronger acid Weaker acid Weaker base 


D 
12.6 Jos се р-Сор_ СУ 
mS 
ва“ AL = Ыы ggg turn, 


5 MgBr 
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с СУ Cl. YO- MgB 
BrM: 44 fo - —MgBrCl 
127 7S а" g а У 
а миг a C) @ 
a 


ES.: 
О MgBr 


у 


су 


OH (0) 
12.8 (a) me = sA + СМ 


о ОН 
— ең (1) ether = 
+ CHjMgl —— — > 


(2) NH4*7H30 


OH о 
— ~ — AM + МЕ 


[9] 


OH 
A o Aue Oe ЭЁ 
+ ~~ MgBr 


(2) МН; УНО 


о 
(3) "Wo => Сте ЧАР, + 2 сн ма 


о 


OH 
(1) ether ла 
+ 2CH3;Mgl — >» 
ц. ЗЕ DNH; HO 
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о 
(b) ша 0 => M л + CH3Mgl 


о 


(1) ether он 
oe ИУ ЯШ Cae № и 
(2) NH4*7H;O 
E. Br 
T ди > ща : 


о 


иа T Meer OE „мо 
—————»- 
=> (2) мн /H50 


Се те = pls, * E os 


о 


MgBr (ether i, ~ 
Жоға үш DL mM 
OCH; —/ (2) МН HO 
О MgBr 
(с) (1) ў => E. | у И" 
OH 


ра Те ROM 


OH 


(2) ==> сњма + H 


OH 
о 
(ether > 
H 
CH3;Mgl + ehe (2) Hy () но” Ay 
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О 
MgB 
(d) (1) ди ае DOS 
OH 
О 
аа ‚ ума (аваг 
(2) мн /H,O 
OH 
О 
590 = бүз + CHiMgl 
OH 


о 
x Cae ЕЕЕ 
UMOR Ee 
ЗИВ  Q)NH,7H;O 
OH 
о MgBr 
(3) HAL => Fw + O 
OH 
MgBr 
ls, # СУ (ether 0 / 
мн њо - 
OH 


OH о 
ы MgBr 
“OlO-O ^o 


OH 
O У Мевг (1) ether 
us 2 Um ли 
(2) NH4* 


О 
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OH 
MgBr енер. 1) ether 
они МНЦ? | 


та MgBr о 
eo( T 7 > ү” Р че. 
Вг OH мв o 
фы = O~ = ки " 
MgBr 
y QN ete ether Eu 
(Ho ” 
(1) Me, ether LI oo H,0* > ie 
о 
(2) 
Ж, 


Е OH MgBr О Вг 
m Eii = С” 2 қ КЕР за 
27 из 
MgBr о 
= OH 
OOA 
Ж H H 
MgBr 
= Он“ РН, ether _ Жа ether OH РВ _ 
Ho ^ 
() Мв ether _ Су “= њо" Қона 
(2) А 
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OH 
о МеВг 
12.9 (а) => мы + Cy == Хон 


MgBr 
о ра 
РСС 
47 xd 


—— 
OH cuc ether 


OMgBr 
ln 
н.е” 
о 
МеВг 
(b) H OH 
= "CY 
Д. 
Myer а Н, ether OH _Pcc > 
(2) оно  ” сны” 
MgBr 
(QOO = А с 


MgBr OMgBr 
mo UAM (CT OD NH,* | ~ ~ 


| зае” 
— de t Ti нае Rage > 
[from part (a)] 


OH 


ІТ ^r 
= н O = но“ y 
o CY MgBr 
ul B mod 
tee ether 


OMgBr 


стс 
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Problems 
Reagents and Reactions 
12.10 (a) CH3CH3 (b) E. (c) OH 
2 
(4) OH (e) OH (f) OH 


(е) CH;CH; + VES 


OH 


12.11 (a) OH (b) OH 


1212 (а) pu + > (b) pu (c) = 


ада СНО о А + н = 
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12.13 (a) ПАН, (d) (1) КмлО4, ОН“, heat, (2) H3O* 


(b) NaBH4 (or H;CrO4/acetone) 
(c) ПАН, (е) PCC/CH;Cl; 
о OMgX 
12.14 (a) ЕМ PN NE AN 
GU BIMEBS "E на OEt ЕО он 
Et 
o OMgX 
-EtOMgX PE EtMgX ж -вомах 
> в “or |—*| H 4 ов — + 
o OMgX Et 


—EtOMgX 
b) MeMgB p "C D C По НИ 
(b) MeMgBr + Н OEt Еге 


pH H 1. NaBH4, EtOH 


2. НО 
О ee 


12.15 (a) 


О_о  LLiAIH, THF OH ОН 


(b) 2. H,O/H,SO, г“ 
ow N 
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12.17 
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Д. OH 
1. NaBH4, EtOH 
" 2. .2H0  /- , 
зи о 
(0) 
0) 
(а) Eus Pa 
OH ЈЕ EMO» NaOH OH 
2. H30 
OH О 
» ДОГ —&— ДЈ 
m 221 " 
о 
(с) OH PCC H 
CH;Cl; | 
OH H3CrO, NoRxn —— 
(d) ----------5- 3? Alcohols до not oxidize 
7 о H3CrO4 о 
eC | = 
H OH 
OH OH 
(a) OH O 
PCC 
— CH2Cl2 
о 
(b) 
HO H2CrO4 HO 
——————————— 
OH | OH 


о 


O a О) PCC ГО 
(c) X —— X 
" НСІ, іш 
НО о 
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[0] OH 
ш ‘ee AL TU PU an" 


(1) CH3MgBr 
12.18 (a) (2) H0* 
= 
H 
о HO 


(b) Т, | | но / 
(1) MgBr 
€——— ДЕ 
(2) NH4CI, H50 
9. „ӨН MgBr O, он 


(1) СНзСН2 (excess) 


О 
(2) МН4СЬ H,O OH 
(d) > 
о HO 
(1) MeMgBr (excess) 
2) NH4CI, НО 
12.19 (a) о LLL NN + Me@H 
OH 
(b) xls OH 
Br он H 


(3) НО" 
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(1) PBr3 


(2) Mg 
(c) d OH Omo o ps. 
(I) РСС 
(2) 
(d) OH io s 
(3) 640" 


(1) EtMgBr 
(2) НзО+ 
ө (3) МаН 


H 
signi (4) CHBr 
ooo 
[9] 


(1) 
MgBr 
(f) ki (excess) о О " о 0 
H ЗО“ фона, H20 E | medi 


(3) PCC 
о niti 
І. 
07 BrMg (equiv) MgBr ~ 
12.20 leu > OH + MeOH 
„На 2 


Mechanisms 


1. NaBD, HO 
2.H,0* 
1221 — 
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Hi 
о н ГО- 
12.23 HT 3 5: 


Жат а - со 
HO OH — ~ DS. | m ^ 0) О | + 
н 
12.24 The three- and four-membered rings are strained, and so they open on reaction with RMgX 


or RLi. THF possesses an essentially unstrained ring and hence is far more resistant to 
attack by an organometallic compound. 


- Ry, 20. „К 
12.25 6 T or " 
В” 3 В... а ми“ 
N 2 — ње g + | 
Т” R : 
X 


The alkylmagnesium group of the 
alkoxide can go on to react as a 
nucleophile with another carbonyl 
group. 
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Synthesis 

но Z ~ 

12:26 ACH, + ЦЕ” (B (3 
но „гё 
SS Ж” 

(С) (ру ~~? 

+ Ма! OSO;Me 

(G) 0 (H) OH 


OH Br 
12.27 аз ДО + PBr3 > В А + HPO, 
Br MgBr 


MgBr о (1) eth 
ether 
an ------>- 
Рива Же 


OH 
MgBr О 
» ДО + in LL До он 
(2) H30 
[from part (а); "и 
MgBr о 
(с) T АА (1) ether x 
Eu Q) H,0* OH 
[from part (a)] 


SOCI 
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bun 
(d) (1) ether 
(2) Hy Q Ho 
us part (a)] AA 
MgBr 
(e) m + ро >---» pu 
[from part (a)] 


12.28 (а) АА “оң — МУ a 


By 7 Sy c— — 


[from (a)] gs === 
OH 
(A) 
(1) Hg Ph 
5 ынны, ы ж. 


[from(b)] О)мавн/ФН” 


(с) 


(d) “уш Por - 2 
y oO 


pressure 


[from (b)] 
OH Br 
[from (c)] 


Mg 


Т Sr зң. Gut ње Са" 
[from (a)] 
ASSO 
(УМУ MgBr =- 5 Қақ > а 
[from (Г) 3 
о 


ы Le 
ш ОН сн;с, H 
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OH (е) 
(i) же қ ШЕ _ ж pu 
[from (сИ acetone, НО 
[9] 
—— (D KMnO4, OH heat од Д 
Е ее 
() он 7; HO” OH 


SNES H2504 WW. 
(k) (1) OH тас 50 


NaH 
Әу тон == 


----»- 
(-H5) 


o Sor Br ie aie 
emu. SS 
[from (a)] ( 20 
Ds E. Же Badio dibus FNUNG 
ССЦ heat 


[from (b)] Br 


М“ Хома 


HBr (1 equiv.) 
ЗЫ. — -------->- 
(т) ==—н “по peroxides) id 


[from (1)] Br 
ü 
Mena uie Зли 
[from (a)] 2 
ba рн 
(су “ә SS >- 
оту МВР Финн 


12.29 (а) МаВН,, “ОН О 
(f) (D ман (2 ИА (3) НА 


(g) (1) CH3MgBr/Et;O 


(b) 85% H3PO,, heat 
(с) H2/Ni2B - (P—2) 


О 
d) (1) BH3:THF 
(d) (1) BH; - ad 


(над) ОН (3) NH,C1/H,O 
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12.30 (a) Retrosynthetic Analysis 
о 
“O — 
Synthesis 


о 
РСС 5. Ра 
bulis CH;Ch H CY MgBr не“ 
НС 
Вг и acetone 
g 
СУ Ego о 


OH 


(b) Retrosynthetic Analysis 


He о 
‘ Р MgBr 
dis “ыы —— а F 
заг 
Synthesis 
PBr, Mg 
2, 27%, RH таты “во” ди о МЕР 
о 
eSmak Hg 
(1) ОСН; 
------::- 
(2) МН УНО 
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(c) Retrosynthetic Analysis 


О 
Ok — Фа. + а 


ОН 
MgBr 
ГІ Е 
— 


Synthesis 
2, OMgBr OH 
но, 
EC UN [from = 


(d) Retrosynthetic Analysis 


о 
( > н == ¢ у он == @ \ мев + 2, 


Synthesis 
А 
(1) 
MgB —»^ 
(> во” (> Е" онњо? 
5 
( | Gu ( ) 


(e) Retrosynthetic Analysis 


[9] 


n sind —% udi die = Зу Me pr + А 


Synthesis 


OH РВв Вг MgBr 
5» 
о 
0, 1) КМвО., ОН, | 
ГАА? „ОН“, heat 
ше. Өң CERO n OH 
(2) О (2) но" 
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(f) Retrosynthetic Analysis 


oH ° 
ГА = Пе лее 


Synthesis 


OH yee Me OH 
[T H3CrO4 ГТ [from (b)] [Te 
в ooo 
acetone (2) мн, /H30 
(g) Retrosynthetic Anal ysis 
о OH 
[9] 
pua L им “ут 
H 


Synthesis 
P MeBr 
POC (1) 
Оо ссу” ғарғы H [from (е) 


(2) но" 


NN —— p MN 
cod 


(b) Retrosynthetic Anal ysis 
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Synthesis MgBr 
H 
(1) фк (а) 
шн 97 r Р). 


ОН 
m a CH3Ch о (2) що" 
H2CrO4 
acetone „^^ 
MgBr 
OH О 

(1) PBr3 | 
(2) Mg, Et;O 


е = әш 
MgBr MgBr 
о 
+ 
МеВг МеВг 
(1) 0500 |. " 
(2) QHO * о 


он 
(1) ЕБО 
——= 
(2) HO* 
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(b) a 27 А А Ng 
о 
+ 
m» 
sadi d 


а BrMg а) I = 
Q)NHCUH,O – 
о 


BrMg 
ХО во 
or 
(2) NH,CI/H,0 


[9] 
(c) о 
===> + СВ СН,МеВг (excess) 
OH 
о 
OH 
1) ЕБО 
ва s MgBr EIS 
(2) NH4CI/H20 
excess OH 
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12.32 There are multiple strategies to approach this these problems. 


BrMg 


о ОН 
РСС. СН СЪ H (D) v 
—————— > 
(2) H,0* 
BrMg 
|; (1) РВ \ РСС, СН2СЬ 
— 
(2) Mg?, ether 
о 
Вг 
РВ за 
@ мре ether Mg?, ether 


OH pcc, СНСЬ О (І)сн;МеВг он 
--------?- --------з- 
(b) —€— рү е (2) но" — 
cmon (“2788 — , cH Mes PCC, CH;CI 
r А 
$ (2) Mg?, ether rU 2 


1 


(1) CH3MgBr | (2) H,0* 


| 
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MgBr 
(c) OH pcc, СНОС! е (1) 
^ ‚ СН2СЬ 
/ ------- ра 
ен (2) #10" oer 
MgBr 
Br 
O (1) 2: ether on (1) РВа сү 
=-___-____-- 
2) Mg, eth 
@ (2) Mg, ether 
(3) we 
12.33 Retrosynthetic Analysis 
Cr —Q РА 
MgBr © 
— € 
О 
к oh 
R OOH 


Synthesis 


EE NN „4 (1) 1) М "MgBr, OH 
om № H30* 
12.34 Thestarting compound is a cyclic ester. Addition of two molar equivalents of CH3Mgl will 
(after acidification) furnish the desired product. 
Dci! (DACHEM oH 
—————— OH 
cr (2) NH4*/H;0 „ха 


12.35 Retrosynthetic Analysis 


OH [9] 

~, =з ЗА + ме 
a 

Synthesis о 


NaNH. „р 9н 
а 
2 > ==: Nat = 
liq. NH3 (2) NH4*/H;0 9 
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12.36  Retrosynthetic Analysis 


Synthesis 
Si— СІ 
Du à | Br (1) Mg, EGO 
a ай с 
E 4 ES Q o 


OH OH 


| Bu,NF 
ке SiO * HO 


Before conve ting the reactant to a Grignard reagent it is first necessary to mask thealcohol, 
such as by conve ting it to a sert-butyldimethylsily! ether. After the Grignard reaction is 
over, the protecting group is removed. 
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Br | a 
(1) BH, 


Bry, ћу Н ——H (2) NaOH, Н;О; 
------ ---- r 
NaNH; 


Br MgBr 


(1) HO 
Mg 
— ------------%- 
Et;O 


(2) NH4CI, НО 
NaH, Et 


Challenge Problems 


12.38 2-Phenylethanol, 1,2-diphenylethanol, and 1,1-diphenylethanol are distinct from 2,2- 
diphenylethanoic acid and benzyl 2-phenylethanoate in that they do not have carbonyl 
groups. IR spectroscopy can be used to segregate these five compounds into two groups 
according to those that do or do not exhibit carbonyl absorptions. 

'H NMR can differentiate among all of the compounds. In the case of the alcohols, in 
the ЇН NMR spectrum of 2-phenylethanol there will be two triplets of equal integral value, 
whereas for 1,2-diphenylethanol there will be a doublet and a tripletin a 2:1 area ratio. The 
triplet will be downfield of the doublet. 1,1-Diphenylethanol will exhibit a singlet for the 
unsplit methyl hydrogens. 

The broadband proton-decoupled С NMR spectrum of 2-phenylethanol should show 
6 signals (assuming no overlap), four of which are in the chemical shift region for aromatic 
carbons. 1,2-Diphenylethanol should exhibit 10 signals (assuming no overlap), 8 of which 
are in the aromatic region. 1,1-Diphenylethanol should show 6 signals (assuming no over- 
lap), four of which would be in the aromatic region. The DEPT PC NMR spectra would 
give direct evidence as to the number of attached hydrogens on each carbon. 

Regarding the carbonyl compounds, both 2,2-diphenylethanoic acid and benzyl 2- 
phenylethanoate will show carbonyl absorptions in the IR, but only the former will also 
have a hydroxyl absorption. The 'H NMR spectrum of 2,2-diphenylethanoic acid should 
showa broad absorption for the carboxylic acid hydrogen and a sharp singlet for the unsplit 
hydrogen at C2. Their integral values should be the same, and approximately one-tenth the 
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integral value of the signals in the aromatic region. Benzyl 2-phenylethanoate will exhibit 
two singlets, one for each of the unsplit CH2 groups. These signals will have an area ratio of 
2:5 with respect to the signal for the 10 aromatic hydrogens. The broadband !H decoupled 
P CNMR spectrum for 2,2-diphenylethanoic acid should show four aromatic carbon signals, 
whereas that for benzyl 2-phenylethanoate (assuming no overlapping signals) wouldshow 8 
signals in the aromatic carbon region. Aside from the carbonyl and aromaticcarbon signals, 
benzyl 2-phenylethanoate would show two additional signals, whereas 2,2-diphenylethanoic 
acid would show only one. DEPT PC NMR spectra for these two compounds would also 
distinguish them directly. 


12.39 It makes it impossible to distinguish between aldehyde and ketone type sugars (aldoses and 
ketoses) that had been components of the saccharide. Also, because the R groups of these 
sugars contain chirality centers, reduction of the ketone carbonyl will be stereoselective. 
This will complicate the determination of the ratio of sugars differing in configuration 
at C2. 


12.40 The IR indicates the presence of OH and absence of C=C and C=O. The MS indicates 
a molecular weight of 116 amu and confirms the presence of hydroxyl. The reaction 
data indicate X contains 2 protons per molecule that are acidic enough to react with a 
Grignard reagent, meaning two hydroxyl groups per molecule. ( This analytical procedure, 
the Zerewitinoff determination, was routinely done before theadvent of NMR.) 
Thus X has a partial structure such as: 

CeHjo(OH); with one ring, or 

Cs5H&O(OH); with two rings, or (less likely) 

САЊО ОН); with three rings. 


Quiz 


121 Which of the following could be employed to transform ethanol into ~~ OH» 
(a) Ethanol + HBr, then Mg/diethyl ether, then H3O* 
О 


(b) Ethanol + HBr, then Mg/diethyl ether, then Н Н, then H3O* 
(c) Ethanol + H28504/140*C 
О 


(d) Ethanol + Na, then Н Н, then НОҒ 


О 
(e) Ethanol + Н;50,/180"С, then Z_\ 


12.2 The principal product(s) formed when / то! of methylmagnesium iodide reacts with 1 mol 
of O 


re oe 
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(a) о (d OH 
CH4 + PhP көп PPS E 
(b ОМ 
OH (e) Noneofthe above 


12.3 Supply the missing reagents. 


О (D|A HO Z ШЕ 
-------:-:---%- > 
О (2) NH, HO (2) “- | 


сн;-о, Ж 


N 


12.4 Supply the missing reagents and intermediates. 


12.5 Supplythe missing starting compound. 
A 
(1) О _ 
QWNH,UHO 
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7 VEN The solutions in this section correspond with problems that can be found only in the 
LEY WileyPLUS course for this text. WileyPLUS is an online teaching and learning solution. 
P L U For more information about WileyPLUS, please visit http://www.wrley.com/college/wiley plus 


ANSWERS TO 
FIRST REVIEW PROBLEM SET 


-H20 


AT +H,0 
2° Carbocation 


methanide + А + НА 
shift T 
3? Carbocation 
b) B 
( жы Вг--Вг ---- Br + Br 
then, 


-= ы 


(с) The enantiomer of the product given would be formed іп an equimolar amount via the 
following reaction: 


CES 
4 А „С 
С — (T 
Br 


259 
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The trans-1,2-dibromocyclopentane would be formed as a racemic form via the 


reaction of the bromonium ion with a bromide ion: 
Br 
вг 


» Br 
+ p 
CDi d Br == 
Br 


Racemic frans-1,2-dibromocyclopentane 


And, trans-2-bromocyclopentanol (the bromohydrin) would be formed (as a racemic 
form) via the reaction of the bromonium ion with water. 


„Она ону" 
аз + во - = cl + ЕТ у= 
Вг “вг 
„Он OH 
СІ + СІ + HA 
Br Br 


Racemic trans-2-bromocyclopentanol 


1,2-Hydride 
| y - Shift Br 
(d) HBr Ж — < =— 
- J5 
- Br : 


2. (a) CHCl, (b) The cis isomer (c) СВС! 


[79 


This indicates that the bonds іл ВЕ; are geometrically arranged so as to cancel each others’ 
polarities in contrast to the case of NF3. This, together with other evidence, indicates that 
BF; has trigonal planar structure and NF; has trigonal pyramidal structure. 


(1) Brz, НО 
4. (a) (2) NaOH 


O~ (3) NaOMe, MeOH on 
OH 


(1) BHy THF 
(b) (2) NaOH, H;0; 
(3) NaH 


CY (4) ды с! оба 
-------- 


D 
(c) (1) PBr, 
OH (2) NaSCH3, HSCH3 SCH; 
------------>- 
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(d) (1) MCPBA AA 
2) 7` OH, но 
pe (2) 250, OH 
OEt 
(e) (1) TsCI 
жж” (2) NaN3 айы ай 
Y ------- 
OH N3 
(б d > 
concd. H2504, zT SH СІ 
pital O 
“ОН 
(в) е ДОН AANS NO № + МН; 
5. (а) 
~ 
20 
Ф 
5 
8 II 
È I 
TS = transition state; E, = activation energy 
Reaction coordinate —> 
(b) TS2 
> 
e 
8 
Ф 
Ф 
2 
ш 


Reaction coordinate —> 


LibraryPirate 


262 ANSWERS TO FIRST REVIEW PROBLEM SET 


6. H 
ыж 


Ма 
2“ 


в- d 


t 
Ж ONT 
c- AL 
Muscalure = TUN ет 
и i= 6 


7. \ C6H5 \ / 
C6H5 C6H5 С<Н5 


(E )-2,3-Diphenyl-2-butene (Z)-2,3-Diphenyl-2-butene 


Becausecatalytic hydrogenation is a syn addition, catalytic hydrogenation of the (Z) isomer 
would yield a meso compound. 


СНз Е АН He CH 
шы: ae eph _ i 
L Ва C6H5” Н H 


+ “C6H5 

С6Н5 
(2) (by addition (by addition at 
at one face) the other face) 


A meso compound 


Syn addition of hydrogen to the (E) isomer would yield a racemic form: 


CoHs id CeHs „Н и „СН, 
m га т 
C6H5 Ети и”: 


CoH Сене 
(E) (by addition (by addition at 
at one face) the other face) 


Enantiomers - a racemic form 
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8. From the molecular formula of A and of its hydrogenation product B, we can conclude that 
A has two rings and a double bond. (B has two rings.) 
From the product of strong oxidation with KMnO, and its stereochemistry (i.e., 
compound C), we сап deduce the structure of A. 


(1) A ши ай аи ОН”, heat НОС СО»Н 
Ono  ” сон = ría 


meso-1,3-Cyclopentane- 
dicarboxylic acid 


Compound B is bicyclo{2.2.1 heptane and С is a glycol. 


ETE 
d 


KMnO, он” ба 
он 


солане © dilute 


С 


Notice that C is also а meso compound. 


(1) ВНУТНЕ 
9. ___@) Маон, но — 
(1) Hg(OAc);, H20, THF 


“ы 
рты? 
dd (2) NaBH,, NaOH “ЙУ 
MCPBA Аде 
2 
ығы 


В eee + 
E 


(1) Br, НО 


(е) бе, (2) маон 
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(6 (1) concd. Н2504 


чи (2) BH;THF 


(3) NaOH. Н»О» 


OH 
OH РВгз Вг 
т ем 
О О 
(b) es SOCI? as 
OH cl 
Br Br 
(c) НСІ \ 
(Son or SOCI, = е 

OH Br. 

(d) 
HBr (2 eq) 
or PBr3(2 ед) 
HO Br 
(e) Мр. H - (1) ТС, Pyr ПОЕ 
--------- 
Н (2) Н 
ок 
(f H3S04 > » 
i 
NaNH? "T СНз 
= Im. ee eS 
(в) па. МНз Na E 
o>.» 
~~~ МОВ (P-2) и 

[from (a)] 

(с) —=— ШИ, иа 
liq. МНз 
[from (а) 
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__ (D) NaNH? N^ н; Х Z 
(d) Е <) СНВ” == МВ -2) от” ж. or ~ 


(1) Na, lig. NH3 
2) мн,с! 
ы M 


P 
Ay ФӨЧОНҢ- «di. di 
pm ~ 


Br Ж heat 
@ -277<--- .NBS. b: - EUN SUP 
[from] 244 ВИ 
қ. ge АВ! ns 
п) “N= HB, Та ВЕ 
[from (d)] = 


or — Н”, за а 
no peroxides 
= Br 


[from (b) or (c)] racemic 
or 
yy HBr > : 
no peroxides ла ad racemic 

[from (9)] Вг 

А Вг 2 

у Би ен (cf. Section 8.13) 
=k ССІ, Н 
[from (С) ^ (anti addition) Ве 
(2R, 35) 


A meso compound 


Br H H Br 


[from (b)] (anti addition) Br Br 
(2R, 3R) (25, 3S) 


A racemic form 
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(1) 0504 & 7 4 
и oe н Н (сЁ Section 8.16) 
(2) NaHSO; 
[from (b)] (syn addition) OH OH 
or о 
tire ана * | 
м т H7—~H_ (ef. Section 11.15) 
(2) H,O", heat 
{from (c)} (апі addition) OH: ӨН 
Өр Вг 
г, Вг я 
ју а“ за. (cf. Section 8.19) 


p 
12. B Br 
FM m m Me (cf. Section 10.6) 
hy, heat 


ве Тома 
@ Ж он pw 


но” OH 
(b Е: 
4 рә но” May 


[from (a)] 
Ew (1) ВН; THF 
- chs ја Бан 
(e) (2) Н2О» ОН 
[from (a)] 


we te уе du, 


ра (а) K^ 


ж dii. 3 QNA 
"ER" й 
H,0* 
> == H 


=n 
тір we lr, тең 


[from (d)] P 
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на Же 
[from (d)] cl 
% 


1 
| 


[from (a)] 
(h) кең acetone p 
[from (e)) 582 
p (1) Оҙ 
(i) = (MeS 0 т КА 
Итот (а)] 
О 
Ae. 99 Bs ok 
(j) (2) Ме;5 + и 
[from (d)] H 
cl 
13. "- Cl; dur у РА 
——- + + 
hy, heat cl 
СІ 
А B С (racemic) D 


B cannot undergo dehydrohalogenation because it has no В hydrogen; however, C and D 
can, as shown next. 


D 
се [Ad — | 
пи __ _ { — 
Е Н 
+ СГ + СГ 
СІ 
(1) Mg, ether 
— 
(2) H30* 
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14. No IR absorption in Но, Pt 
——==—, 2200-2300 enr region. E зе 


A 
iua (P-2) 


(1) 030, HO OH 
—————À- “= ) \ ( a З 
x y (2) NaHSO3 
B (syn hydroxylation) H H 
С 
(а meso compound) 
15. The eliminations are anti eliminations, requiring an anti coplanar arrangement of the 
bromine atoms. 
H Br 
+ g KI Н, a E 
Pau > = Ў 
Bt вг H “он Н 
meso-2,3-Dibromobutane trans-2-Butene 
H 
а с KI H, „Н 
ot —— =з + TBI 
- во Сон 
ше 
(25,35)-2,3-Dibromobutane cis-2-Butene 
Br 
Н У КІ ^n, E + в 
7 4 — <= 4. r 
e Br* H он H H 
(2R,3R)-2,3-Dibromobutane cis-2-Butene 


16. The eliminations are anti eliminations, requiring an anti coplanar arrangement of the —H 


and —Br. 
C u т Вг H 
68543 Ч ж P. 
eH — >< 
H C&Hs C6H5 C6H5 
EtO: — 
meso-1,2-Dibromo- (Е)-1-Вгото-1,2- 
1,2-diphenylethane diphenylethene 
Br Br 
CoHs 5 < Br, ,С6Ң 
7 C cai. — oN 
НУ H C6H5 H 
во:-/ 
(2R,3R)-1,2-Dibromo- (Z)-1-Bromo-1,2- 
1,2-diphenylethane diphenylethene 


(25,35)-1,2-Dibromo-1,2-diphenylethane will also give (Z)-1-bromo-1,2-diphenylethene in 
Е ‚ ап anti elmination. 
LibraryPirate 


17. ша the following structures, notice that the large tert-butyl group is equatorial. 


(a) 


Br 
+ enantiomer 
as aracemic form 


OH 
(b) 
OH 


H 
+ enantiomer 
as aracemic form 


OH 


(c) 
H 


OH 
+ enantiomer 
as a racemic form 


H 
(d) 
OH 


H 
+ enantiomer 
as a racemic form 


OH 


" LTR 


(f) 


н 


Вг 
+ enantiomer 
as a racemic form 
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(bromine addition is anti; cf. 
Section 8.13) 


(syn hydroxylation; cf. Section 8.16) 


(anti hydroxylation; cf. Section 11.15) 


(syn and anti Markovnikov addition 


of —H and —ОН; cf. Section 8.9) 


(Markovnikov addition of —H and 


—ОН; cf. Section 8.6) 


269 


(anti addition of —Brand —OH, with—Br and 


—OH placement resulting from the more 
stable partial carbocation in the intermediate 


bromonium ion; cf. Section 8.14) 
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CI 
(g) — 8 
Ў (anti addition of —I and —Cl, following 
H Markovnikov’s rule; cf. Section 8.13) 
I 
+ enantiomer 
as a racemic form 
О 
(b) Ания 
H 
о 
р 
(0 — X (syn addition of deuterium; 
D cf. Section 7.15A) 
H 
+ enantiomer 
as a racemic form 
D 
0) (syn, anti Markovnikov addition of —D and 
T | , with | being replaced by —T 


C CORE Qu А 


H where it stands; cf. Section 8.11) 


+ enantiomer 
as a racemic form 


OH 
18. ау B= BH ex^ 
2 


19. (a) The following products are diastereomers. They would have different boiling points and 
would be in separate fractions. Each fraction would be optically active. 


H H 
H Br Ыы S 


H Br Br H 
(R-3-Methyl-I-pentene (optically active) (optically active) 
Diastereomers 
(b) Only one product is formed. It is achiral, and, therefore, it would not be optically active. 
H, н, H, 
Ў — 
— Pt 


(optically inactive) 
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(c) Two diastereomeric products are formed. Two fractions would be obtained. Each fraction 
would be optically active. 


H, (1) о, H аи Н - 
"e ЖЕ (2) NaHSO; х у 
= H OH HO H 
А (optically active) (optically active) 


Diastereomers 
(d) One optically active compound is produced. 
XL ()BHyTHF _ "C ЖЕЕ 
"оно он?” он OH 
(optically active) 


(e) Two diastereomeric products are formed. Two fractions would be obtained. Each fraction 
would be optically active. 


о 
Ще _ а (4) Не, THF-H;O 
; ЕЕЕ тво 
== (2) МаВН,,ОН” 


H, 
+ 
H OH HO H 
(optically active) (optically active) 
“ Y 4 
Diastereomers 


(f) Two diastereomeric products are formed. Two fractions would be obtained. Each fraction 
would be optically active. 


H, (1) MCPBA E и 
— ^ OH + А OH 
— ' (2)H,0°,H,0 


H OH HO H 
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20 н н н 
СІ (1) Mg, ether ми Р СІ 
--— 
| 2) NH4*, HO | | 
С! CORREOS Ән D 
H 
+ + 
enantiomer enantiomer (а meso compound) 
A B С 
„Тома " Hp 
D 
(003 
(2) MejS 


— r 
(07^ Li 
(2) но“ 
----- 


9 (1) CH,MgBr 
(2) H30* 
21. "Ti - 
о 
| | А 


о OH 


сн; (1) ТИВ: (excess), ether 
o (2) H0 
(c) > + CH3OH 


22: он 


(1) Во, ћу 


> (2) Мр", ether 
———— 


200 


rhe 


(4) H30° 
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Ll pu 
ји Y 
cl 


OH 


(АНА (excess) 
(2)H,0* Е он 
но 


(1) LiAIH, 
(2) Om би 
OH 
(D00; 
OLENE 
OH 
[у _ ноо, - Бу” 


о о (1) Lae (1 equiv.) aa 
(е) (2) Quo ~ uma * 
HO 


CH (1) NaBH, 
[9] 3 
(b) o7 EM OB g 
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24. pus PBr; Mg?, ether 
-------5- --------5- 


OH Br MgBr 
A 
H (1)A 
РСС, СН;СІ, (2H30* 
А Тон SS A, _——ҥ= „чы 
ОН 
29, e OH 
mW (1) PhMgBr 
oo 
(2) МНАСИН;О 
с OH 
(1) CH9MgBr 
= 
(2) NH4CUH;O 
О ОН 
(1) Mabe 
(2) NHyCVH20 
© Shee 
as ығ 
x 
ІН NMR 
Singlet at 5 1.4 All 18 protons equivalent 
H 
Values suggests — C — O 
ЗС < ММВ 
887 ы 7 све 
A 
8151 % =0 
/ 
IR 
1750-1800 ст“! с=0 
2 carbonyls indicated 
by split peak 
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miz 120=Mt 
H 


105 = Mt - 15(CH;-) = de. 
Сена + 


77 = M* — 43(i — Pr-) = СН 


87.2-7.6 5 ring protons 
2.95 CH of isopropyl group 
1.29 equivalent CHss of isopropyl group 


28. С-НуОВһав IHD = 2 
IR absorption indicates C=O 
PC NMR spectrum for X is consistent with structure 


H H 
29. (a) H H 
CI СІ 
Gk "а 
1 meso 
ch СІ 
H H 
Cl CI 
CL е 
5 meso 
H CI 
CI H 
H СІ 
CI H 
9  meso 


LibraryPirate 
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H H H H H а 
H CI CI CI H H 
CI H H H CI а 
а а ге Gl Cl H 
2 meso 3 meso 4 meso 
eI Gl cl H H а! 

H C) H Gl СІ H 
CI H с H H СІ 
а а CI 4H H а! 

6 meso 7 8 


Enantiemers 


275 
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(b) Isomer 9 is slow to react in an E2 reaction because in its more stable conformation (see 
following structure) all the chlorine atoms are equatorial and an anti coplanar transition 
state cannot be achieved. All other isomers 1-8 can have a —С1 axial and thus achieve an 
anti coplanar transition state. 


1 2 


cole Y 2 
Enantiomers 
(obtained in one fraction as an 


optically inactive racemic form) 


Е py 
F d + 4 ЕБ < + Е 
ЕН НОР 
3 


3 24 5 5 6 
(achiral and, therefore, Enantiomers (achiral and, therefore, 
optically inactive) (obtained in one fraction as an optically inactive) 


optically inactive racemic form) 
(b) Four fractions. The enantiomeric pairs would not be separated by fractional distillation 
because enantiomers have the same boiling points. 


(c) All of the fractions would be optically inactive. 
(d) The fraction containing 1 and 2 and the fraction containing 4 and 5. 


31. ( Бон м ЕН RM 
|» Wl cad cr Tr. 
1 2 


( R)-2-Fluorobutane (optically active) (achiral and, therefore, 
optically inactive) 


Е Н E Н F: ZH 
# # 7 
Е se Е 7 Е 
Е Н Е H 
3 4 5 
(optically active) meso compound (optically active) 


(optically inactive) 
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(b) Five. Compounds 3 and 4 are diastereomers. All others are constitutional isomers of 
each other. 


(c) See above. 


meso meso 


Each of thetwo structures just given has a plane of symmetry (indicated by the dashed line), 
and, therefore, each 15 а meso compound. The мо structures are not superposable one on the 
other; therefore, they represent molecules of different compounds and are diastereomers. 


„ы 
бә 


Only a proton or deuteron anti to the bromine can be eliminated; that is, the two groups 
undergoing elimination (H and Br or D and Br) must lie in an anti coplanar arrangement. 
The two conformations of evthro-2-bromobutane-3-d in which a proton or deuteron is 
anti coplanar to the bromine are | and 1I. 


g 


cC 

—DBr 
Ag = ди 
не 


D 
Bo 
II 


Conformation I can undergo loss of HBr to yield cis-2-d-2-butene. Conformation II can 
undergo loss of DBr to yield ¢rans-2-butene. 


Toa minor extent, a proton of the methyl group 
can be eliminated with the bromine. 


Br 
C -HBr 
H -->- 
H 


D D 
ЕО” - 
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SOLUTIONS TO PROBLEMS 


131 Thefollowing twoallylic radicals are possible, differing only because of the isotopic label. 
Together they allow for four constitutional isomers with respect to the ЗС label. (In the 
absence of the isotopic label, only one constitutional isomer (as a racemic mixture) would 


be possible.) 
* 
5» 
be 


6: 


Вг 
ж * x 2 Вг 
© | E. : Lo 
Br 
(ж = ЗС labeled position) ~ 


На роб је 


" 
(b) ~\Z because it represents a 2? carbocation. 
СІ 


(о) че es and P (racemic) 


ва " 4 
OW У 


о-0-0 


278 
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| 
-=O = 0 
+ + 
H + 


(e) , жж s а e (gel Ss iH € 


(i) ANN LI а <=“ 


я 4. 20: : + 293 ж OF 
G d Ане" Nn" 
| | | 
:07 Hor 0: 
(тіпог) 


13.4 (а) е Р because the positive charge is оп a tertiary carbon atom rather than а 
primary one (rule 8). 


(b) * because the positive charge is on a secondary carbon atom rather than a 


primary one (rule 8). 


(с) —=М+ because all atoms have a complete octet (rule 8b), and there are more covalent 


bonds (rule 8a). 


“O° 
(d) TN ӛн because it has no charge separation (rule 8c). 
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(e) ЛТа because the radical is оп a secondary carbon atom rather than a primary 
one (rule 8). 


(f) : NH; === №: because it has no charge separation (rule 8c). 


13.5 In resonance structures, the positions of the nuclei must remain the same for all structures 
(rule 2). The keto and enol forms shown differ not only in the positions of their electrons, 
but also in the position of one of the hydrogen atoms. In the enol form, it is attached to an 
oxygenatom; іп theketo form, it has been moved so that it is attached to a carbon atom. 


13.6 (a) (3Z)-Penta-1,3-diene, (2E,4E)-2,4-hexadiene, (22,4Е )-hexa-2,4-diene, and 1,3- 
cyclohexadiene are conjugated dienes. 
(b) 1,4-Cyclohexadiene and 1,4-pentadiene are isolated dienes. 
(c) Pent-1-en-4-yne ( 1-penten-4-yne) is an isolated eny ne. 


13.7 Theformula, C; Hg, tells usthat A and B have six hydrogen atoms less than an alkane. This 
unsaturation may be due to three double bonds, one triple bond and one double bond, or 
combinations of two double bonds and aring, orone triple bond and a ring. Since both A and 
B react with 2 mol of H; to yield cyclohexane, they are either cyclohexyne or cyclohexa- 
dienes. Theabsorption maximum of 256 nm for A tells us that it is conjugated. Compound 
B, with no absorption maximum beyond 200 nm, prossesses isolated double bonds. We can 
rule out cyclohexyne because of ring strain caused by the requirement of linearity of the 
— С = C— system. Therefore, A is 1,3-cyclohexadiene; B is 1,4-cyclohexadiene. A has 
three signals in its ЗС NMR spectrum. With its higher symmetry, B shows only two PC 
NMR signals. 


13.8 All three compounds have an unbranched five-carbon chain, because the product of 
hydrogenation is unbranched pentane. The formula, СН, suggests that they have one 
double bond and one triple bond. Compounds D, E, and F must differ, therefore, in the 
way the multiple bonds are distributed in the chain. Compounds E and F have a terminal 
—C = CH [IR absorption at 3300 cm-!]. The UV absorption maximum near 230 nm 
for D and E suggests that in these compounds, the multiple bonds are conjugated. Absence 
of UV absorption beyond 200 nm indicates that the unsaturation sites are isolated in Г. 
The structures are 


— н---/ ш „—) = 


р Е Е 
с! 
CI N Ia 
uw mg (—Ó— Е 
(а) " 
+ + 
stereoisomers stereoisomers 
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СІ СІ 
(b) ец в, 2.48. 
+ + 


stereoisomers stereoisomers 
D D 
~ С — ч 
cl 
+ + 
stereoisomers stereoisomers 


13.10 Addition of the proton gives the resonance hybrid. 


ic 
(Du ed => Жж 
I п 


The inductive effect of the methyl group іп І stabilizes the positive charge on the adjacent 
carbon. Such stabilization of the positive charge does not occur in 1. Because I contributes 
more heavily to the resonance hybrid than does I1, C2 bears a greater positive charge and 
reacts faster with the bromide ion. 


(b) In the 1,4-addition product, the double bond is more highly substituted than in the 
1,2-addition product; hence it is the more stable alkene. 


О 
HO > 
(b) (c) F 
T OMe Ро н 9 
4 H 
о 
(major product) (minor product) 
о 
о Н 
(d) H (e) 
А hm  H 
T + enantiomer H 
[9] о 


LibraryPirate 


282 CONJUGATED UNSATURATED SYSTEMS 


13.12 (a) Use the trans diester because the stereochemistry is retained in the adduct. 


[9] 
H 
OMe 
+ 
MeO 
H 
[9] 


(b) Here, thecis relationship of the acetyl groups requires the use of the cis dienophile. 


[9] 
H 
еее” 
С» + 
= H 
О 


(dienophile 

underneath the 

plane ofthe diene) о 
(dienophile Е 
above the на 
plane of the diene) О 


(Or, Ш each case, the other face of the dienophile could present itself to the diene, resulting 
in the respective enantiomer.) 
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Problems 


Br z^ OK 
— 
dius 


Conjugated Systems 


iB ar а ЖЯЖ d 


H concd Н25О4 
——— —— 


фу но ^ € Pd 
concd H504 Ж 
@ Ж v Sols ий ла. cid 
DN 
да > МР 
PW 
ae Р? 
А mE— — 02 
(e) p PA 
с! он 
concd H5SO4 
Ж + A 
"m 


OH 


МВ (P-2) 
(g) "dms + Hj AAT Zo 
) / 
2 

СІ 


(a) СІ — F а wc] 
(racemic) (E) (2) 
CI Br 


(b) CI B 
Ano (c) ееси 


Gl Br 
(3 stereoisomers) (3 stereoisomers) 


(d) ЯС 
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OH 
(e) а у + gi Sá 


OH (E) +(Z) 
(racemic) cl 
“сы е + т 
(racemic) (Е) + (2) 


(f) 4 СО» (Note: KMnO; oxidizes HO2C —CO5H to 2 СО.) 


> в Sx JOH 


OH (E) + (Z) 
(racemic) 
ime @ zz — Se , Лү 
(1) 0; а 
(b) (2) CH,SCH, 
Же? > 
о 
(с) же E — a sid Ar 
Br 
аи HBr, heat за 
Вг 
о 
> Вг 
13.19 (а) AX + N—Br .ROOR, ыг ( о 
SM Br (Е) + (2) 
(racemic) 
о 
(NBS) 
Acs 
— A 


Aes 


Note: In the second step, both allylic halides undergo elimination of HBr to yield 1,3- 
butadiene; therefore, separating the mixture produced in the first step in unnec- 
esary. The BrCH2CH-CHCH; undergoes а 1,4 elimination (the opposite of a 
1,4 addition). 
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(b) R@OR 
2 ~ + NBS "cig = 
Вг 
(racemic) 
a “о 27 gs 
+ -------- РАЗ 
(Е) + (2) 


он 
Here again both products undergo elimination of HBr to yield 1 ,3-pentadiene. 


(c) P ory concd hd га И N = Хо И [as in (a)] 


het 7 
ww) 
B 
Bis A ү «а ж-Ж 
heat 
(Е) + (2) 
Br 
ПА + NBS PR. Ре“ ~“ + Me 
(d) ССІ, Вг (төбені) 


(Е) + (2) 
Br 


eC) + во light, Pt, NBS, R@OR _ 
heat ER ” 
(excess) we (racemic) 


@ Ў Pon, same as 
Q TO (=a) 


020 Зи Бе брк QUT Lows m. 
^ NE or light es 


R—O- + H— Br: —— R—O—H + ‘Br: 


жи + “Вг: —- ~ eee umo 


H 
__ Бов + i = _ : [+ (2) іѕотег] + “Вг: 
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13.21 (а) 


ВС NMR 
UV-Vis 
IR 


(b) 
UV-Vis 
‘HNMR 


13C NMR 


(c) 
IR 


13C NMR 
MS 


(d) 


MS 


ВС NMR 
UV-Vis 


(e) 


1H NMR 
IR 


A 
2 peaks 
217 nm (s) [conj. system] 


№ = 


4 peaks 
185 nm (w) 


71600 ст“! (5) [соп]. system]  ~3300 ст-! (s) 


а а 

217 nm (s) [conj. system] 
8 ~ 5.0 [== CH;] 

ô ^ 6.5 [--СН ==] 

8 ~ 117 [—CH;] 

6 ~ 137 [=CH—] 


Быз" 
2800-3300 ст“! (s, sharp) 
[C—H] 


[== c—H] 
2100-2260 стт! (w) 
ІС-- СІ 


Жу 
transparent іп UV-Vis 
ô ~1.0 (t) [CH3] 

6 ~14 (а) [CH2] 

8 ~13 [CH3] 

6 ~25 [CH2] 


A он 

3200-3550 ст“! (s, broad) 
[O—H] 

~900 ст“! (5) [== CH —H] 


2 peaks 7.1000 ст“! (s) [== C —H] 
m/z 58 (Mt) 4 peaks 

m/z 72 (Mt), 54 (Mt — 18) 
ж” GP, 
m/z 54 (М3) m/z 134 (M+), 136 (M++2) 
2 peaks 4 peaks 
217 пт (5) <200 nm 


[conj. system] 


ое. тағ 


2 signals 
960-980 cm-! [trans C—H] 


S = strong; w = weak; а = quartet; t = triplet 
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1 signal 
no alkene C—H 
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alte Lhe = ыйы 
Ae Да 


Theresonance hybrid, I, has the positive charge, in part, on the tertiary carbon atom; in II, 
the positive charge is on primary and secondary carbon atoms only. Therefore, hybrid I is 
more stable and will be the intermediate carbocation. A 1,4 addition to I gives 


pie “еі 
Вг 


13.23 Тһе products ae. A Z (racemic) and Bod de [also (Z)]. They are 


formed from an allylic radical in the following way: 


13.22 


Br; --> 2 Вг. (from NBS) 
ву — W^ 
| + HBr 
мал 
[(Z) and (Е) 


Br 
5 6 
Se + Во — ч. ке” 


(racemic) + Br- 


+ SSN Br 
[also (Z)] 


13.24 (a) Because a highly resonance-stabilized radical is formed: 


(b) Because the carbanion is more stable: 


WV <-> фа. ea ww 


ee ey +. rs 
That is, for the carbanion derivedfromthe diene we can write more resonance structures 
of nearly equal energies. 
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о о 
13,25 “Ағы w 5% № + Br 
о о 


Br А Аз АЕ 
Br Fg Br ЕЕ 
В 
2 SS Ро a р Т 
Br 


Where did the Br; come from? 


о [0] 
\ 
N—Br + НВг ----- Coe + Br 
О О 
ж TH = —— TN 
“ ~ | 5 ) 
А Bro B Вг 


| | 
Да дүз 


Kinetic product Thermodynamic product 
(1,2 Addition) (1.4 Addition) 


С D 
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B 
> 
20 
5 
Ф А 
2 с 
= 
“Dp 
Reaction Coordinate 
Br 
13.27 (а) —— CY 
—15 °С 
Major 
c) __NBS,Av | 
neat Т 
Major 


13.28 Protonation of the alcohol and loss of water leads to an allylic cation that can react with a 
chloride ion at either Cl or C3. 


њо? н H0 
"i. о - и n 
н 
CI 
pc ће БР 
[also (Z)] (racemic) 
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М 
an (жа + Gy = О рй 


OMe 
t 8 сњон 
(2) Cl 2 “үр С. е + Oh ye „чо, 


(racemic) [also (Z)] 


13.30 (а) The same carbocation (a resonance hybrid) is produced in the dissociation step: 


cl | 
но 
рғ "a E 
Он он 
(85%) (15%) 


(b) Structure 1 contributes more than 11 to the resonance hybrid of the carbocation (rule 8). 
Therefore, the hybrid carbocation has a larger partial positive charge on the tertiary carbon 
atom than on the primary carbon atom. Reaction of the carbocation with water will therefore 
occur more frequently at the tertiary carbon atom. 
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te 
m 
ре) 
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A six-membered ring cannot accommodate a triple bond because of the strainthat would 
be introduced. 


Too highly 


Br 4 strained 
CX 2 RO-Na* 
Br 


(a) Propyne. (b) Base (: B^) removes a proton, leaving the anion whose resonance structures 


are shown: 
H H 
= | ча i s MN 
CH,—C-CH; + :B === нв + P aum. <-> эн 


$ 
H H H 


I п 
Reaction with H:B may then occur а the СН; carbanion (II). The overall reaction is 


[CH;— C—CH «> CH,—C=CH] + H:B 


| 


CH;—C=CH *:B 


CH)>=C=CH + В 


The product formed when 1-bromobutane undergoes elimination is 1-butene, a simple 
monosubstituted alkene. When 4-bromo-1-butene undergoes elimination, the product is 
1,3-butadiene, a conjugated diene, and therefore, amore stable product. Thetransition states 
leading to the products reflect the relative stabilities ofthe products. Since the transition state 
leading to 1,3-butadiene has the lower free energy of activation of the two, the elimination 
reaction of 4-bromo-1-butene will occur more rapidly. 


Diels-Alder Reactions 


LUMO 


|| HOMO 


GE Gt Ge Ce 
| 


Energy 
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13.35 The diene portionofthe moleculeis locked intoan s-trans conformation. It cannot, therefore, 
achieve the s-cis conformation necessary for a Diels- A lder reaction. 


13.36 s-cis conformation "S di No steric strain in 
is disfavored (steric strain) ма s-cis conformation 


| 
| 
б OP fhe, Ch 


4 2 3 A. 
"Locked" Cannot achieve s-ci 
s-cis conformation conformation for 


Diels-Alder reactioi 


О 
А Ме А OMe А 
13.37 (а) CX 3 + enantiomer (Б) + enantiomer 
GN CN 
(c) CX + enantiomer (d) ща + enantiomer 


о 
СЕ» 
13.39 (а || | OME (b) 
eMe CF; 
о 
о MeO 
13.40 e m x — д Га " ay 
Me ~o 
Me® 
Major 
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Ju 
| | 


О 
„Ме 9 
== А со»Ме 
(d) о + | -- > Ф 
= O / / СОуМе 
SMe Со»ме 
о CO Me 
Major 
О о 
^N A 
(e) | | + 2 --- 
22 
о о 
(ПА 
(2) NaBH; 
INED а, 
f) OH 
2€) + / “Жі. 
ОН ОН 
ОН 
Major 
о O—Me P сом 
2 = чы е 
=> + Мо о 
(2) > 
— m A 
=! 
MO берл 
(h) б + ( — > + CN 
/ / CN 
см 
Major СМ 
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13.41 


13.42 


о 
ж 
of и (о (b) 
~ | 


OCH; (d) 


РА 


The endo adduct is less stable than the exo, but is produced at a faster rate at 25°C. At 90°C 
the Diels-Alder reaction becomes reversible; an equilibrium is established, and the more 
stable exo adduct predominates. 


cj Сі 
— 
cl с” а 
Aldrin 
о 
Ра" 


Dieldrin 
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H 
=> 
13.44 JO + | --- 2% 
= 
H 


Norbornadiene 


„©, Paddys zu Ay 


ода; 


Chlordan С! 
Note: The other double bond is less reactive because of the presence of the two chlorine 
substituents. 
сі. Jl ci, Cl 
CI CI 
allylic 
uU a g | 
сі chlorination сі 
СІ СІ СІ 
Heptachlor 
cl cl cl cl 
cl (ell 
cl d —— CI 
cl с. А, СІ сі 
с 
Isodrin 


13.47 (a) 


d 
Е 
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AE у 
за 
А 
Y 

y. 
an 
г, 


С, 
(b) 


О 
Вг 
(с) ~ ‚ MER pyridine 
тыч 
Вг 
(d) (1 E: A KO-t-Bu 
>” =a соон” СООН 


ноос, „ДА 


(е) 
DO. “oo, ~~ 


(3) Zn, HOAc 


Challenge Problems 


Diene Dienophile 
OCH; 
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Good polarity interactions 
lead to major product. 


сн,0 


о 


Мајог 


OCH, 
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13.49 The first crystalline solid is the Diels-Alder adduct below, mp 125°C, 


e 
H 


H 
Ж 
о 


On melting, this adduct undergoes а reverse Diels-Alder reaction, yielding furan (which 
vaporizes) and maleic anhydride, mp 56°C, 


О 


ө 
[0] 
H 
H heat == о + | о 
о 
o 9 Furan О 
Maleic 
anhydride 
(mp 56° C) 
H 
13.50 MeO;C H 
H H 
OSi(tert-Bu)Ph5 
H 


The map of electrostatic potential for the pentadienyl carbocation shows greater electron 
density or less positive charge (less blue color) in the vicinity of the CI—C2 and C4—C5 
bonds, suggesting that the most important contributing resonance structure is the one with 
the most positive charge near C3, a secondary carbon. The other contributing resonance 
structures have a positive charge at primary carbon atoms. 
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Quiz 


131 Give the 1,4-addition product of the following reaction: 
Seg SV ғ НА =— 2 


(a) ы” а ае (b) ii allen ud 
а а 


(с) сү ^ + уз (4) c 4 


С! 
cl 


(e) PP? 


cl 


13.2 Which diene and dienophile could be used to synthesize the following compound? 
Н 
H 
CN 
H CN H CN H CN 
2" > 
@| + | e| + | (c) + | 
и. H CN < МС Н МС Н 
Н СМ > CN 
(d) + X. (e) S a 
H CN CN 
Which reagent(s) could be used to carry out the following reaction? 
Br 
Де, 
О 


(а) NBS/CCl, (vas - Nar) (b) МВУ/ССИ, then Br;/Av 


= 
р] 
і 


о 
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(c) Brz/hv, then zs | | та then NBS/CCI, 
(d) "m | кш then NBS/CCl, 


13.4 Which of the following structures does not contribute to the hybrid for the carbocation 
formed when 4-chloro-2-pentene ionizes in an Sy 1 reaction? 


+ + + 
(a) ж-СС Ы) МАХ оо 


(d) All ofthese contribute to the resonance hybrid. 


13.5 Which of the following resonance structures accounts, at least in part, for the lack of Sy2 
reactivity of vinyl chloride? 


S 


Cl: СІ: 
(а) ==> (b) и (c) Neither (4) Both 
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SUMMARY OF REACTIONS BY TYPE 
CHAPTERS 1-13 


1 SUBSTITUTION REACTIONS 


Type Stereochemical Result Favoring Conditions 

542 1°, 2°, benzylic (1? ог 2°), or 
allylic (1° or 2°) leaving 

Chapter 6 group (e.g., halide, 


tosylate, mesylate); 
strong nucleophile; 
polar aprotic solvent 


See Section 6.14 fora 
summary of nucleophiles 
mentioned in early chapters 


Sul racemization (via carbocation) 3°, benzylic, or allylic leaving 
Chapter 6 group 


Radical substitution racemization (via radical) 3°, benzylic, or allylic 
hydrogen; 

Chapter 10 perox ide, 

Section 13.2 heat/light 


Il. ELIMINATION REACTIONS 


Stereochemical/Regiochemical 


Type Result Favoring Conditions 

E2 (dehydrohalogenation) elimination to form the most strong base 
substituted alkene (Zaitsev (e.g., NaOEt/EtOH, 

Section 7.6 elimination) with small bases KOH/EtOH, 

tert-BuOK/tert-BuOH); 
formation of the less substituted 2° or 3? leaving group 

alkene with use of a bulky (e.g., halide, tosylate, 
base(e.g., tert-BuOK/ mesylate, etc.); 
tert-BuOH) heat 

El (dehydrohalogenation) formation of most substituted 3° leaving group; weak base; 
alkene; may occur with carbo- heat 

Sections 6.17 and 7.8A cation rearrangement 

Dehydration formation of most substituted catalytic acid (Н+, e.g., concd 
alkene; may occur with Н:504, H3PO4); 

Section 7.7 carbocation rearrangement heat 
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Ш. MECHANISTIC SUMMARY OF ALKENE AND ALKYNE ADDITION REACTIONS 


Reactant Stereochemical Result Regiochemical Result 


syn anti Markovnikov anti-Markovnikov 
Alkenes H2/Pt, Pd or Ni «хусси *Н2О, H+ (i) BHx THF 
(hydration) (ii) ОН“, H202 
(Sections 4.17A, 
7.13, 7.14) (Section 8.12) (Section 8.5) (Section 8.7) 


(i) OsO4, * (i) Не(ОАс), 
(ii) NaHSO; НО, THF 

(ii) NaBH4, 
OH- 

(Section 8.16) (Section 8.14) (Section 8.6) 


КСОЗН (e.g., (i) КСОЗН, * HX (no HBr (w/peroxides) 
MCPBA) (ii) H3O* or peroxides) 

OH- 
(Section 11.13) (Section 11.14) | (Section 8.2) (Section 10.9) 
* (i) ВЊ:ТНЕ ж X,/ROH * additon of 
(ii) H202, ОН“ other alkenes 


(Sections 8.7 
and 8.8) (Section 8.14) 


* х), 
Nucleophile 
(e.g. КО“, 
RMgX) 
(Section 8.14) 


/ 


КС 

\ Addition 
of carbenes 
(Section 8.15) 


* Shares mechanistic themes with other reactions denoted by the same symbol. 


Alkynes Н», Pd on BaCO; (i) Li, E(NH2, —78°C HX (oneortwo molar 
w/quinoline (ii) NH4* СГ equivalents) 
(Lindlar's cat.) 


(Section 7.15A) (Section 7. 15B) (Section 8.19) 


Но, Ni B (P-2) X» (2equiv.CCl, 
(Section 7.15A) (Section 8.18) 


Н; (2 equiv.), Pt or Ni 
(complete 
hydrogenation) 


(Sections 4.16, 7.15) 
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IV. ALKENE AND ALKYNE CLEAVAGE WITH OXIDATION 


Conditions Reactant Product(s) 
Alkenes 
(i) KMnO4/OH-,heat;(ii) НО — tetrasubstituted alkene —  twoketones 
trisubstituted alkene —  oneketone, one carboxylic acid 
(Section 8.17A) monosubstituted alkene —»  onecarboxylic acid and CO, 
(i) O;, (ii) Me;S tetrasubstituted alkene —  twoketones 
trisubstituted alkene -->  oneketone, one aldehyde 
(Section 8.17B) monosubstituted alkene —  onealdehyde and formaldehyde 
Alkynes 
(i) KMnO,/OH-, heat; (ii) H;0+ terminal alkyne —>  acarboxylic acid and formic acid 
internal alkyne —  twocarboxylic acids 
(Section 8.20) 
(i) Оз, (1) HOAc terminal alkyne —»  acarboxylic acid and formic acid 
internal alkyne —»  twocarboxylic acids 


(Section 8.20) 


V. CARBON—CARBON BOND-FORMING REACTIONS 


(a) Alkylation of alkynide anions (with 1° alkyl halides, epoxides, an daldehydes or ketones) 
(Sections 7.12,8.21 and 12.8D) 


(b) Grignard reaction (with aldehydes and ketones, or epoxides) (Sections 12.7B, C, and 
12.8) 


(c) Carbocation addition to alkenes (e.g., polymerization) (Special Topic A) 
(d) Diels-Alder reaction (Section 13.11) 


(e) Addition ofa carbene to an alkene (Section 8.15) 


VI. REDUCTIONS/OXIDATIONS (NOT INCLUDING 


ALKENES/ALK YNES) 
(a) 2 R—X (w/Zn/H40*) — 2 R—H + ZnX; (Section 5.15) 
b) R—X М r— Mex 20", R—H (section 12.7 
(b) = g (Section 12.7A) 


(c) Lithium aluminum hydride (LiAIH4) and sodium borohydride (NaBH,) reduction of 
carbonyl compounds (Section 12.3) 


(d) Oxidation of alcohols with chromic acid, pyridinium chlorochromate (PCC), or hot 
potassium permanganate (Section 12.4) 
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УП. MISCELLANEOUS 


(а) R—CO—R’ + PCI; — R—CCl,—R’ — alkynes (Section 7.10) 


(b) R—COOH + SOCI? or РС — R—COCI—> acyl chlorides for Friedel-Crafts reac- 
tions, esters, amides, etc. (Sections 15.7 and 17.5) 


(c) Terminal alkynes + МаМН; in Па. NH; —> alkynide anions (Sections 8.21, 12.8D) 


(d) ROH + ТӘСІ, МӘСІ, or ТЇСЇ (with pyridine) —> R—OTs, R—OMs, or R—OTf (Sec- 
tion 11.10) 


(е) R—OH + Na (ог NaH) — КО Ха“ +H; (Section 6.15B, 11.11B) 


Vill. CHEMICAL TESTS 


(а) Alkenes/Alkynes: Вг/ССЦ (Section 8.12) 
(b) Rings/Unsaturation/etc.: Index of Hydrogen Deficiency (Section 4.17) 
(c) Position of Unsaturation: KMnO, (Section 8.17A); O; (Section 8.17B) 
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CHAPTERS 1-13 


| ALKYL HALIDES 
(a) HX addition to alkenes [Markovnikov (Section 8.2) and HBr anti-Markovnikov 
(Section 10.9)] 
(b) X; addition to alkenes (Section 8.12) 
(c) Radical halogenation 


(i) X2/light/heat for alkanes (Sections 10.3, 10.4, 10.5, 10.6) 


(ii) N-Bromosuccinimide (NBSyheatlight for allylic and benzylic substitution 
(Section 13.2B) 


(d) R—OH + SOCI; (with pyridine) -> R—Cl + $02 + pyridinium hydrochloride 
(Section 11.9) 


(e) 3 R—OH + PBr4 — 3 R—Br + P(OH)s (Section 11.9) 
(f) R-—OH + HX —> R—X + НО (Sections 11.7, 11.8) 


|. ALCOHOLS 


(a) Markovnikov addition of НО with catalytic Н+ (Section 8.5) 


(b) Markovnikov addition of H20 via (i) Hg(OA c)2, НО, THF; (ii) NAaBH4, ОН“ (Section 
8.6) 


(c) Anti-Markovnikov addition of H20 via (1) BH3:THF; (ii) ОН“, Н;О; (Section 8.7) 
(d) OsO, addition to alkenes (syn) (Section 8.16) 

(е) (i) ЕСОзН (peroxycarboxylic acids); (ii) H3O* (Section 11.15) 

(f) Cleavage of ethers with HX (Section 11.12A) 

(g) Opening of epoxides by a nucleophile (Sections 11.14, 11.15) 


(h) Lithium aluminum hydride or sodium borohydride reduction of carbonyl compounds 
(Section 12.3) 


(i) Grignard reaction with aldehydes, ketones, and epoxides (Sections 12.7B, C, 12.8) 
(j) Cleavage of silyl ethers (Section 11.11E) 


Ill. ALKENES 


(a) E2 Dehydrohalogenation (preferred over E1 for alkene synthesis) (Section 7.6) 
(b) Dehydration of alcohols (Section 7.7) 
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(c) Hydrogenation of alkynes: (2) by catalytic hydrogenation, (Е) by dissolving metal 
reduction (Sections 7.15A, В) 


(d) Diels-Alder reaction (forms one new double bond with ring formation) (Section 13.11) 


IV. ALKYNES 


(a) Alkylation of alkynide anions (Sections 7.12and 8.21) 
(b) Double dehydrohalogenation of vicinal or geminal dihalides (Section 7.10) 


V. CARBON—CARBON BONDS 


(a) Alkylation ofalkynide anions (Section 7.12 and 8.21) 


(b) Organometallic addition to carbonyl compounds and epoxides (e.g., Grignard or RLi 
reactions) (Sections 12.7B, C, 12.8) 


(c) Diels-Alder reaction (Section 13.11) 


(d) Addition of alkenes to other alkenes (e.g., polymerization) (Section 10.10 and Special 
Topic A) 


(e) Addition of a carbene to an alkene (Section 8.15) 


МІ. ALDEHYDES 


(а) (i) Оз; (1) Me2S with appropriate alkenes (Section 8.178) 
(b) Pyridinium chlorochromate (РСС) oxidation of 1° alcohols (Section 12.4A) 


Vil. KETONES 


(а) (i) Оз; (ii) Me2S with appropriate alkenes (Section 8.17B) 
(b) КМпФ,/ОН- cleavage of appropriate alkenes (Section 8.17A) 
(c) H2CrO, oxidation of 2° alcohols (Section 12.4C) 


Vill. CARBOXYLIC ACIDS 


(а) (1) KMnO4/OH-^; (ii) H3O* with I? alcohols (Section 12.4B) 

(b) (i) Оз; (ii) HOAc with alkynes (Section 8.20) 

(с) (i) KMnO,4/OH-, heat; (ii) H3O* with alkynes and alkenes (Sections 8.20 and 8.17А) 
(d) H;CrO, oxidation of 1° alcohols (Section 12.4D, E) 
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IX. ETHERS (INCLUDING EPOXIDES) 


(а) КО + R'X — ROR’ + X- (Williamson synthesis) (Section 11.118) 


(b) 2 ROH (+cat. H2SO4, heat) —> ROR + HOH (for symmetrical ethers only) (Section 
11.11A) 


(c) Alkene + ЕСОЗН (a peroxycarboxylic acid, e.g., MCPBA) — an epoxide (Section 
11.13) 


(d) An epoxide + RO- — ап а-ћудгоху ether (also acid catalyzed) (Section 1 1.14) 


(е) ROH + CISiR'; —» КОЗЕ (silyl ether protecting groups, e.g., TBDMS ethers) 
(Section 11.11E) 
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SOLUTIONS TO PROBLEMS 


14.1 (a) 4-Bromobenzoic acid (or p-bromobenzoic acid) 
(b) 2-Benzyl-1.3-cyclohexadiene 
(c) 2-Chloro-2-phenylpentane 
(d) Phenyl propyl ether 
14.2 Compounds (a) and (b) would yield only опе monosubstitution product. 
14.3 Resonance structures are defined as being structures that differ on/y in the positions of 
the electrons. In the two 1,3,5-cyclohexatrienes shown, the carbon atoms are in different 


positions; therefore, they cannot be resonance structures. 


14.4 The сусюрепафепу! cation would be a diradical. We would not expect it to be aromatic. 


re - 


14.5 (a) No, the cycloheptatrienyl anion (below) would be a diradical. 


(b) Thecycloheptatrienyl cation (below) would be aromatic because it would have a closed 
bonding shell of delocalized т electrons. 


14.6 Ifthe 1,3,5-cycloheptatrienyl anion were aromatic, we would expect it to be unusually stable. 
This would mean that 1,3,5-cycloheptatriene should be unusually acidic. The fact that 1,3,5- 
cycloheptatriene is not unusually acidic (it is less acidic than 1,3,5-heptatriene) confirms 
the prediction made in the previous problem, that the 1,3,5-cycloheptatrienyl anion should 
not be aromatic. 
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14.7 


14.8 


14.9 


14.10 


14.11 


14.12 


14.13 


Br Br 
heat 
Я = 
(а) (b) mg + Br 
Br Br Tropylium bromide 


These results suggest that the bonding in tropylium bromide is ionic; that is, it consists 
of a positive tropylium ion and a negative bromide ion. 


The fact that the cyclopentadienyl cation is antiaromatic means that the following hypo- 
thetical transformation would occur with an increase in т-е!есігоп energy. 


/ n-electron 
HC+ — a А. + Н; 
\ energy increases 


(a) The cyclopropenyl cation (below). 


(b) Only опе PC NMR signal is predicted for this ion. 
(023 (54 (07 (45 


The upfield signal arises from the six methyl protons of trans-15,16-dimethyldihy- 
dropyrene, which by virtue of their location are strongly shielded by the magnetic field 
created by the aromatic ring current (see Figure 14.8). 


Major contributors to the hybrid must be ones that involve separated charges. Contributors 
like the following would have separated charges, and would have aromatic five- and seven- 
membered rings. 


СС СУ А) < 
у | 
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14.14 Because of their symmetries, p-dibromobenzene would give two ЗС signals, o-dibro- 
mobenzene would give three, and m-dibromobenzene would give four. 


Br Br Br 
fa) (a) (а) Br (b) 
(b) (b) (b) (с) (а) 
Ф) ® о 6) @ (b 
(a) (c) (с) Вг 
Вг 
Two signals Three signals Four signals 
Br 
14.15 eq 
Br Br 
Br 
A B C D 


A. Strong absorption at 740 стт! is characteristic of ortho substitution. 

В. A very strong absorption peak at 800 сіп”! is characteristic of para substitution. 

C. Strong absorption peaks at 680 and 760 сіп”! are characteristic of a meta substitution. 
D. Very strongabsorption peaksat693 and 765 ст“! аге characteristic of a monosubstituted 


benzene ring. 
Problems 
Nomenclature 
О. ОН 
+ Br 
Br 
14.16 (a) (b) (c) ОГ 
МО; Вг 
о ОН 
NO? OH E 
(d) (e) Гед (f) 
NO; ом NO, 
МО; 
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o + 


(g) 
cl 


о 
4 


Вг 


Вг 
14.17 (а) 
Вг 


1,2,3-Tribromo- 
benzene 


LibraryPirate 


(b) 


(k) 


(n) 


(q) 


1,2,4- Tribromo- 
benzene 


Ow 


Br 


Br Br 


1,3,5-Tribromo- 
benzene 


OH 
Gl 


(b) 
cl 


2,3-Dichloro- 
phenol 


OH 
С » cl 


О 


2,6-Dichloro- 
phenol 


NH; 


(c) 


МО; 
4-Nitroaniline 
(p-nitroaniline) 

SO,H 


(d) 


4-Methylbenzene- 
sulf onic acid 
(p-toluenesulfonic 
acid) 


(e) 


Butylbenzene 


tert-Butylbenzene 
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OH OH 
: cl е СІ 
СІ 
СІ 
2,4-Dichloro- 2,5-Dichloro- 
phenol phenol 


3,4-Dichloro- 3,5-Dichloro- 
phenol phenol 
NH, 


Ф E 


2-Nitroaniline 
(o-nitroaniline) 


NH; 
МО; 


3-Nitroaniline 
(m-nitroaniline) 
SO,H 


3- Methylbenzene- 2-Methylbenzene- 
sulfonic acid sulfonic acid 
(m-toluenesulf onic (o-toluenesulfonic 


acid) acid) 


5 


Isobutylbenzene sec-Butylbenzene 
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Aromaticity 


+ 
14.18 Г) Antiaromatic 
О 
(с) Г) Aromatic 
+ 
Nat 
ж 
(е) | Aromatic 
“м 
(2) (3 Аппагота с 
+ 
(i) Aromatic 
+ 
(k) Г) Аготайс 
—— —— Antibonding 
14.19 (a) Energy | V 
x: Bonding 
1 Ши Antibonding 
(b) Energy | d 
Bonding 
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Aromatic 


Antiaromatic 


Aromatic 


Antiaromatic 


Nonaromatic 


Aromatic 
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y 
cr 
N Р IN 
НСІ (1 .) 
14.20 (а) Cr > шеше. СІ у 
м N 
CH; CH; 


Н Н 
ы” Ny 
N N 
b) ~ HCI (1 equiv.) | 
7 а а 
N NE H 
—/ —/ 


: 2 
B: 
~ or 
A 
, 2 
ог 
B 


The conjugate base of A is a substituted cyclopentadienyl 
anion and both rings are aromatic. In B, the five-membered 
ring does not contribute to anion stability. The additional 


stabilization provided by the cyclopentyldienyl moiety is 
the reason for the greater acidity of A. 


m 


оде 


О 


В: 
—— 


+ 
OX) OX) 


Q 
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The major resonance form leaves the electrons 
in the cyclopentadiene ring to make both rings 

( 3 € aromatic. Therefore, the central bond has more 
single bond character and rotation around that 
bond is easily achieved. 


14.23 Hückel's rule should apply to both pentalene and heptalene. Pentalene's antiaromaticity can 
be attributed to its having 8 л electrons. Heptalene's lack of aromaticity can be attributed 
to its having 12 x electrons. Neither 8 nor 12 is a Hückel number. 


14.24 (a) The extra two electrons go into the two partly filled (nonbonding) molecular orbitals 
(Fig. 14.7), causing them to become filled. The dianion, therefore, is not a diradical. 
Moreover, the cyclooctatetraene dianion has 10 л electrons (a Hückel number), and 
this apparently gives it the stability of an aromatic compound. (The highest occupied 
molecular orbitals may become slightly lower in energy and become bonding molecular 
orbitals.) The stability gained by becoming aromatic is apparently large enough to 
overcome the extra strain involved in having the ring of the dianion become planar. 


(b) The strong base (butyllithium) removes two protons from the compound on the left. 
This acid-base reaction leads to the formation of the 10 л electron pentalene dianion, 
an aromatic dianion. 


Pentalene dianion 


14.25 The bridging —CH;— group causes the 10 л electron ring system (below) to become 
planar. This allows the ring to become aromatic. 


14.26 (a) Resonance contributions that involve the carbonyl group of I resemble the aro- 
matic cycloheptatrienyl cation and thus stabilize I. Similar contributors to the hybrid 
of II resemble the antiaromatic cyclopentadienyl cation (see Problem 14.8) and thus 
destabilize 11. 
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Contributors like 1A are exceptionally 

stable because they resemble an aromatic 
(a) ——— compound. They therefore make large 

stabilizing contributions to the hybrid. 


Contributors like ПА are exceptionally 
unstable because they resemble an anti- 
Е. aromatic compound. Any contribution 
they make to the hybrid is destabilizing. 
I ПА 


(b) О 


[0] 


14.27 Ionization of 5-chloro-1,3-cyclopentadiene would produce a cyclopentadienyl cation, and 
the cyclopentadienyl cation (see Problem 14.8) would be highly unstable because it would 


be antiaromatic. 
1 
OZ Sl O * cr 


Antiaromatic ion 
(highly unstable) 


14.28 (а) Thecyclononatetraenyl anion with 10 л electrons obeys Hückel's rule. 


о Ф 


Cyclononatetraenyl anion Cyclohexadecaoctaenyl dianion 
10 z electrons 18 zt electrons 
Aromatic Aromatic 


(b) By adding 2 x electrons, [16] annulene becomes an 18 л electron system and therefore 
obeys Hückel's rule. 


14.29 Asnotedin Problem 13.42, furan can serve as the diene component of Diels-Alder reactions, 
readily losing all aromatic character in the process. Benzene, on the other hand, is so 
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unreactive in a Diels-Alder reaction that it can be used as a nonreactive solvent for Diels- 
Alder reactions. 


Spectroscopy and Structure Elucidation 


о о 
о 
14.30 (a) 
о. 
4 total signals 6 total signals 
aromatic region, 2 doublets aromatic region, 2 doublets 


and 2 doublets of doublets 
3 
O о 
Y " sa 
< 
(b) 
Ж 
2 4 
Signal 1 (~4 ppm, singlet) Signal 3 (~2 ppm, singlet) 
Signal 2 (~2 ppm, singlet) Signal 4 (~2 ppm, singlet) 


Br 
де: 


Вг 
5 total signals 3 total signals 
aromatic region: 1 singlet, aromatic region: 2 doublets 
2 doublets, and 1 doublet 
of doublets 
CH, (a) (a) doublet 5 1.25 
14.31 A (Qn (b) (b) septet 8 2.9 
сн, (а) (c) multiplet 5 7.3 
(c) 


CH, (a) (a) doublet 5 1.35 
B О (5) (b) quartet 5 4.1 
NH, (c) (c) singlet 6 1.7 

(d) (d) multiplet 5 7.3 
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(a) 
H H 
H в 
с (o (b) (a) авиа 2.9 
H (b) quintet 8 2.05 
н H (c) multiplet à 7.1 
(a) 


14.32 A'HNMRsignal this far upfield indicates that cyclooctatetraene is a cyclic polyene and is 
not aromatic; its л electrons are not fully delocalized. 


14.33 Compound Е із p-isopropyltoluene. ЇН NMR assignments are shown in the following 
spectrum. 


Strong IR absorption at ~ 800 ст“! indicates para substitution. 


| | | | | | | | | 
8 7 6 5 4 3 2 1 0 


дн (ppm) 


We can make the following !'H NMR assignments: 


(6) (с) (a) 
сн; CH—CH, 
| 


(а) (а) 
(a) doublet 8 1.25 (c) septet 8 2.85 
(b) singlet 6 2.3 (d) multiplet 5 7.1 
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14.34 Compound L is allylbenzene, 


(сн Н (а) (d) Doublet, 8 3.1 (2H) 
Td (a) or (b) Multiplet, 5 4.8 
/ N (a) or (5) Multiplet, 8 5.1 
O- CH, H(5) (c) Multiplet, ó 5.8 
E Nd) (е) Multiplet, à 7.1 (5H) 


(e) 


The following IR assignments can be made. 


3035 ст-!, C—H stretching of benzene ring 
3020 cm-!, C—H stretching of -CH=CH, group 
2925 ст“! and 2853 cm-!, C—H stretching of —CH; — group 
1640 ст“! , C=C stretching 
990 ст“! and 915 cm-!, C—H bendings о--СНя СН» group 
740 ст”! and 695 ст-!, C—H bendings of —C&Hs group 


The UV absorbance maximum at 255 nm is indicative of a benzene ring that is notconjugated 
with a double bond. 


14.35 Compound M is m-ethyltoluene. We can make the following assignments in the spectrum. 


СН; (с) 


«О. 
СН›—СНз 


(b (а) 


(а) triplet 5 1.4 

(6) quartet 5 2.6 
(с) singlet 6 2.4 
(d) multiplet 6 7.05 


Meta substitution is indicated by the very strong peaks at 690 and 780 ст-! in the IR 
spectrum. 


14.36 Compound М is CsHs;CH=CHOCH3. The absence of absorption peaks due to O—H or 
C=O stretching in the IR spectrum of М suggests that the oxygen atom is present as part 
of an ether linkage. The (5H) 'H NMR multiplet between à 7.1—7.6 strongly suggests 
the presence of a monosubstituted benzene ring; this is confirmed by the strong peaks at 
74690 and ~770 сіп”! in the IR spectrum. 
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We сап make the following assignments in the ЇН NMR spectrum: 


а) (Ы (д (d) 
C6Hs CH = CH— OCH, 


(a) Multiplet 5 7.1-7.6 
(b) Doublet 5 6.1 
(c) Doublet 5 5.2 
(d) Singlet 5 3.7 


14.37 Compound X is m-xylene. Theupfield signal at 5 2.3 arises from the two equivalent methyl 
groups. The downfield signals at 6 6.9 and 7.1 arise from the protons of the benzene ring. 
Meta substitution is indicated by the strong IR peak at 680 сіп”! and very strong IR peak 
at 760 cm- !. 


14.38 Тһе broad IR peak at 3400 ст“! indicates a hydroxy group, and the two bands at 720 and 
770 ст“! suggest a monosubstituted benzene ring. The presence of these groups is also 
indicated by the peaksat 5 4.4 and 8 7.2 inthe ! H NMR spectrum. The Н NMR spectrum 
also shows a triplet at 5 0.85 indicating a —CH3 group coupled with an adjacent —CH2— 
group. There is a complex multiplet at ô 1.7 and there is also a triplet at 4.5 (1H). Putting 
these pieces together in the only way possible gives us the following structure for Y. 


OH 


ho ox © (b (a 
Q- CH — CH; —CH; , 
| с) 


ӧн (ppm) 
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14.39 (a) Four unsplit signals. 


CH; 
(c) 


(b) Absorptions arising from: 


Challenge Problems 


14.40 The vinylic protons of p-chlorostyrene should give a spectrum approximately like the 


following: 


(c) 


Е 


E 1 [ 1 


7 \ 
с .--СНҙ, and C=O groups. 
\ / 


H 


(a) (b) 


ОВ 
и | и | 
-— A 


14.41 Ph 


Ph 
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14.42 Nad = = Fe (а“ѕапіҹісһ compound”) 


14.44 ete 


Third unoccupied л MO (five nodal planes) 


Second unoccupied л MO (four nodal planes) 


First unoccupied л MO (three nodal planes) 


066. 


Highest energy occupied л МО (two nodal planes) 


ее, 


Second highest energy occupied л MO (one nodal plane) 


e», 


Lowest energy occupied л MO (по nodal planes) 
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Quiz 


14.1 Which of the following reactions of benzene is inconsistent with the assertion that benzene 
is aromatic? 


(а) Вг;/ССІ,/255С -----  noreaction 
(b) H3/Pt/25°C ----” ПО reaction 

(с) Вг;/ҒеВі; ----- CgHsBr + HBr 
(d) КМпО,/Н;0/255С ----- по reaction 


(е) None of the above 


14.2 Which is the correct name of the compound shown? 


МО; 


а 
(а) 3-Chloro-5-nitrotoluene (b) m-Chloro-m-nitrotoluene 
(c) 1-Chloro-3-nitro-5-toluene (d) m-Chloromethylnitrobenzene 
(e) Morethanone of these 


14.3 Which is the correct name of the compound shown? 


OH 
"in 


(a) 2-Fluoro-1-hydroxyphenylbenzene (b) 2-Fluoro-4-phenylphenol 
(c) m-Fluoro-p-hydroxybiphenyl (d) o-Fluoro-p-phenylphenol 


(e) More than one of these 
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14.4 Which of the following molecules or ions is not aromatic according to Hiickel’s rule? 


5% "| | (c) (d) 


+ 


(e) All are aromatic. 


14.5 Give the structure of a compound with the formula C;H;CI that is capable of undergoing 
both Syl and 542 reactions. 


14.6 Write the name of an aromatic compound that is isomeric with naphthalene. 


о] 
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SOLUTIONS TO PROBLEMS 


} Е | Е | Е 
15.2 The rate is dependent on the concentration of КО) ion formed from protonated nitric 
acid. 


a 
H—O—NO, + HA --- МО + НО + А 


| 
H 
(where HA = HNO3 or HOSO3H) 


Because Н:50; (НО5ОзН) is a stronger acid, a mixture of it and HNO; will contain a 
higher concentration of protonated nitric acid than will nitric acid alone. 


That is, the reaction, 


% 
Н--О--МО; + HOSO3H ——— —- ма. + HSO4 
H 
Protonated 
nitric acid 


produces more protonated nitric acid than the reaction, 


H—O—NO, + H—O—NO, --- H—O—NO) + моу 


H 
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1538 Sept Seg Зе BSF SS L^ F 
5+ Н 
Step 2 + < Е 
5+ 5+ 
5+ Н 
< 
Step 3 ре === 
ô+ 5+ * t НЕ 


H 
| 


ot 
е, BF; 


Rearrangement to the secondary carbocation occurs as the leaving group departs. 


H | hydrid 
+ уапае + — 
FP ae EU ча. + НОВЮ + Е 


Both carbocations are then attacked by the ring. 
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0 о 
саң а 
(с) к» 
AICh 
о (0) 
Ж 
АІСІ Zn(H 
(d) + © | oru а SEEDS 
NS АІС} 
HO 
ы о 
H ZH H H 
494546045. 
НО СІ 
о e 
H Н H H 


© 
т 
T 


15.6 Ifthe methyl group had no directiveeffect on the incoming electrophile, we would expect to 
obtain the products in purely statistical amounts. Since there are two ortho hydrogen atoms, 
two meta hydrogen atoms, and one para hydrogen, we would expect to get 40% ortho (2/5), 
40% meta (2/5), and 20% para (1/5). Thus, we would expect that only 60% of the mixture 
of mononitrotoluenes would have the nitro group in the ortho or para position. And we 
would expect to obtain 40% of m-nitrotoluene. In actuality, we get 96% of combined o- and 
p-nitrotoluenes and only 4% m-nitrotoluene. This shows the ortho-para directive effect of 


the methyl group. 
CH3 CH3 CH3 
SO3H 
1&7 (a) ul major 
5 #50, ш \ 
minor бон 
О. ОН О. ОН МО» МО» 
HNO Br. 
(b) oe (c) — 
H250, FeBr3 
мо; Вг 
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о о 
Ра 27 
(d) — > + 
AICI; ~ 
minor 
О 
major 


15.8 As the following structures show, attack at the ortho and para positions of phenol leads 
to arenium ions that are more stable (than the one resulting from meta attack) because 
they are hybrids of four resonance structures, one of which is relatively stable. Only three 
resonance structures are possible for the meta arenium ion, and none is relatively stable. 


Ortho attack 


:OH :OH :OH 
Br Br 
Br* 
* * 
con «OH 
Br Br 
Н = H 
Ж 
Relatively stable 
Meta attack 
:OH :ОН :OH :OH 
+ + 
— =. <> 
OL Br* en Br Br Br 
H H * H 
Para attack 
:OH OH сон сон OH 
+ + 
Br* H Br H Br H “Вг HBr 


Relatively stable 


15.9 (а) The atom (an oxygen atom) attached to the benzene ring has an unshared electron pair 
that it can donate to the arenium ions formed from ortho and para attack, stabilizing them. 
(The arenium ions are analogous to the previous answer with a —COCH; group replacing 
the —H ofthe phenolic hydroxyl). 
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(b) Structures such as the following compete with the benzene ring for the oxygen 
electrons, making them less available to the benzene ring. 


Oe — Ost 


This effect makes the benzene ring of phenyl acetate less electron rich and, therefore, less 
reactive. 


(c) Because the acetamido group has an unshared electron pair on the nitrogen atomthat it 
can donate to the benzene ring, it is an ortho-para director. 


(d) Structures such asthe following compete with the benzene ring for the nitrogen electrons, 
making them less available to the benzene ring. 


OM — Out 


15.10 Theelectron-withdrawing inductive effect ofthe chlorine of chloroethene makes its double 
bond less electron rich than that of ethene. This causes the rate of reaction of chloroethene 
with an electrophile (i.e., a proton) to be slower than the corresponding reaction of ethene. 

When chloroethene adds a proton, the orientation is governed by a resonance effect. In 
theory, two carbocations can form: 


md ‘Cl + 
m I (less stable) 
Cly + НС! + 


n 

а. | 
С 

П (more stable) 


Carbocation Il is more stable than I because of the resonance contribution of the extra 
structure just shown in which the chlorine atom donates an electron pair (see Section 
15.11D). 
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1511 Ortho attack 


> 


+ Br Br Br 
Ba H H H 
— <=> <-> 
+ + 
Relatively stable | 
Para attack 
— —— +->» 
T + + 
i H Br H Br H Br 


E 


Relatively stable 


15.12 The phenyl group, as the following resonance structures show, can act as an electron- 
releasing group and can stabilize the arenium ions formed from ortho and para attack. 


Ortlio attack 


NO;* ө 


In the case of the arenium ions above and following, the unsubstituted ring can also be 
shown in the alternative Kekule structure. 
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Para attack 


ә 42 
= 2%. <> <-> 
Ды "e "ale 
NO, ON * ON 
ie € 
ag Л 
<> <> + ~ 
H H H 
O;N ON ON 


+ @ A ө 
H -HA 
ОМ 


ON 


In the case of both ortho and para substitution, the phenyl group functions as an activating 
group, resulting in a faster reaction then in the case of benzene. 


15.13 (У. leads to 1-chloro-1-phenylpropane 
| 
(У leads to 2-chloro-1-phenylpropane 
Пп” 
(У leads to 1-chloro-3-phenylpropane 
ш 


The major product is 1-chloro-1-phenylpropane because I is the most stable radical. It is a 
benzylic radical and therefore is stabilized by resonance. 


(Qe cm P EORR 
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15.14 (a) Retrosynthetic Analysis 


О---О-” 


Synthesis 
NaNH; - + СНз 
=H Lc =: Ма — == 
liq. NH3 


(b) Retrosynthetic Analysis 


O= = (у= —( у 


Synthesis 


aU (1) NaNHyliq. NH, _ uH 
=H а) Q5. C = 


) 
т 


(c) Retrosvnthetic Analysis 
H 
О. 
Synthesis 


H 
H2 
== ————- 
( ) NijB(P-2) tH. 
[from (a)] 


(d) Retrosynthetic Analysis 


OL =O- 


Synthesis 
| — H 
ны, = 
[from (a)] H 
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15.15 The addition of hydrogen bromide to 1-phenylpropene proceeds through a benzylic radical 
in the presence of peroxides, and through a benzylic cation in their absence (cf., a and b as 
follows). 


(a) Hydrogen bromide addition in the presence of peroxides. 


Chain Initiation 


R 
Step 1 Mp. — > 2R—€ 


о 


а” 7% 
s e = d H + Br 


Step2 RO 


"a! 2 
Step3 Вг, + А/-- СЕН 
cats Y 6 m d 


Br 
A benzylic radical 
Chain Propagation 
Step 4 a ү + МТА НЕ ->- Сен ~ + Br: 
Br 


Br 
2-Bromo-1-phenylpropane 


The mechanism for the addition of hydrogen bromide to 1-phenylpropene in the 
presence of peroxides is a chain mechanism analogous to the one we discussed when 
we described anti-Markovnikov addition in Section 10.9. The step that determines the 
orientation of the reaction is the first chain-propagating step. Bromine attacks the second 
carbon atom of the chain because by doing so the reaction produces a more stable benzylic 
radical. Had the bromine atom attacked the double bond in the opposite way, a less stable 
secondary radical would have been formed. 


Ри Вг 
JM + Br -х> au S 
C6H5 Ч i 
A secondary radical 


(b) Hydrogen bromide addition in the absence of peroxides. 


а 
+ Вг 
=" + HBr — ен” 


СвН5 A benzylic cation 


| 


Br 


— 


5 
1-Bromo-1-phenylpropane 
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In the absence of peroxides, hydrogen bromide adds through an ionic mechanism. The 
step that determines the orientation in the ionic mechanism is the first, where the proton 
attacks the double bond to give the more stable benzylic cation. Had the proton attacked 
the double bond in the opposite way, a less stable secondary cation would have been formed. 


= + HBr = а + Вг 
C6H5 A secondary cation 


15.16 (a) б because the more stable carbocation intermediate is the benzylic 


CI 
carbocation, а. which then reacts with a chloride ion. 


+ 


(b) a | because (ће more stable intermediate 15 a mercurinium ion in which 
8 AN a partial positive charge resides on the benzylic carbon, which then 
reacts with НО. 
OH 


15.17 (a) The first method would fail because introducing the chlorine substituent first would in- 
troduce an ortho-para directing group. Consequently, the subsequent Friedel-Crafts reaction 
would not then take place at the desired meta position. 

The second method would fail for essentially the same reasons. Introducing the ethyl 
group first would introduce an ortho-para director, and subsequent ring chlorination would 
not take place atthe desired meta position. 

(b) If we introduce an acetyl group first, which we later convert to an ethyl group, we 


install a meta director. This allows us to put the chlorine atom in the desired position. 
Conversion ofthe acetyl group to an ethyl group is then carried out using the Clemmensen 


reduction. 
о о 
о 
= ( сі СІ; Zn(Hg) 
—— р === е 
AlCl, FeCl, НСІ 
СІ СІ 
OH CN ОСН}; OCH, 
NO; ON 
15.18 (a) (b) (c) + 
ON SO3H МО; МО; 
СЕ МО; 
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15.19 


15.22 


(а) In concentrated base and ethanol (a relatively nonpolar solvent), the 512 reaction is 


favored. Thus, the rate depends on the concentration of both the alkyl halide and ЕЧ Ома, 
Since no carbocation is formed, the only product is 


AO. 22 


(b) When the concentration of ini Or ion is small or zero, the reaction occurs through the 
$м1 mechanism. The carbocation that is produced in the first step of the Sy] mechanism 
is a resonance hybrid. 


Cll е ж LE: | + а 


This ion reacts with the nucleophile (“Yo or di ОН )їо produce two isomeric ethers 
OEt 


ВО и апа pu 


(a) The carbocation that is produced in the Sw1 reaction is exceptionally stable because 
one resonance contributor is not only allylic but also tertiary. 


Pw 3 pu — gar. 


A 3? allylic 
carbocation 


Compounds that undergo reactions by an Sy1 path must be capable of forming relatively 
stable carbocations. Primary halides of the type ROCH2X form carbocations that are 
stabilized by resonance: 


О О 
Ba ЧЫТ. <=. РЬ. 
R ACH x СОН 


The relative rates are in the order of the relative stabilities of the carbocations: 
Ph 


4 А. 


+ + 
Ph < во ~ = оты < * ph 


The solvolysis reaction involves a carbocation intermediate. 
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Mechanisms 


15.24 (а) 1. Generate the electrophile 


H 


| 
Р. 
M 0*-$—0 
e NP 2 
| Ы” с. Д 
ж. На ly, 


ој “о | 
HO 55) 4 


2. Attack the electrophile with aromatic ring to form Ше sigma complex. 
9 РЯ < P 
4 NS 2 
| и || | E Ld 
б + 
«v > 


NO, NO, NO, 


3. Elimination to regain aromaticity 


(b) I. Generate the electrophile 


Br—Br + FeBr -————- Br + ЕВ 
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2. The aromatic ring attacks the electrophile to generate a resonance-stabilized sigma 
complex. 


CN m Br Br 2 Вг 
Brt + FeBr4 -—> Н <> Н + > H 
Ж + ЗА. 


3. Elimination to regain aromaticity 


gs 


(c) 1. Generate the electrophile 


+ 
(С Эв» ———— Е С + AIBrg- 
m = 
Вг у Br — А1Вг; 
v 


2. Attack the electrophile with aromatic ring to form the sigma complex. 


ыз 


y-g-8-g 
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3. Elimination to regain aromaticity 
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15.26 (a) Electrophilic aromatic substitution will take place as follows: 


(b) The ring directly attached to the oxygen atom is activated toward electrophilic 
attack because the oxygen atom can donate an unshared electron pair to it and stabilize 
the intermediate arenium ion when attack occurs at the ortho or para position. 
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x Й 
mange -НА 
—ment ^ 

ca H 


+ 


+ Tm 
" 
@н Уе 
ONE A 
Gi ада 
o" ar % 
чи де 
a es x, an 
(b) 1,2 Addition. 
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(c) Yes. The carbocation given in (a) is a hybrid of secondary allylic and benzylic 
contributors and is therefore more stable than any other possibility; for example, 


сыну SS _ f eun у 


+ 


Ко а: A hybrid of 
allylic contributors only 


сан ёз 


(d) Since the reaction produces only гле more stable isomer—that is, the one in which the 
double bond is conjugated with the benzene ring—the reaction is likely to be under 
equilibrium control: 


cl 
[> GH oak Actual 
БИ БИ More stable isomer РГ oduct 
сїн e ws =] cl 
a PM 
cr ——» СН Not 
0545 formed 


Less stable isomer 


Reactions and Synthesis 


и OCH; OCH; 
cl 2 СІ 
15.30 (а) + (b) Y + 
cl 


СІ 
О OH 


і ра 
oO « 

(с) + ауа 

с! 
cl 
NO) cl cl 
cl 
"Qu "QOO 
cl 
cl 


O40 OX) 
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NO) МО; 
(mainly) 
cl cl cl 
МО; ОМ 
(с) (d) + 
OH OH 
о NO, О 


A 
m 
~ 
~ 
E 
o 
T 
с 
^ 
О 


ж” 
® о | о 
N * ы М 
Вг Н Н 
o “ч | 
np 
(c) | a 
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15.33 


cl S 
(a) (У (b) (c) СТТ 


(с) 


(Note: The use of СУМА in a Friedel-Crafts synthesis gives mainly the rearranged 
product, isopropylbenzene.) 


АСВ 
(а) 
јр У ME 


Zn(Hg) | HCl, 
reflux 


E 


FeCl 
of + Ch ET 


bw (b)] 
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Ch 


„Тома 
он 
heat 


= AICI 
Г) » ү) EE 


е > <, (1) BH3: THF 
—— P 
"m | (2)H202, ОН” enantiomer 
Мм 


dditi 
iom (ел (syn addition) 


H504 HNO; _ 
(h) + HNO; br 
МО; 


МО; 05 
FeBr3 
(i) + Bn = 
Br 
Br МО; 
А FeBr3 HNO; 
6)! Bry =e CHO, + ortho isomer 
Br 
cl cl cl 
SOH 
FeCl; SO; 
(k) + Ch = THO, t 
SO3H (separate) 
НҘО/Н;5О,, heat 
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с! cl а! 
NO 
SO, нмо A Vv" 9 нуно, 7 2 
16 -л----> =>» | — 
H2504 H504 ~ heat L 
тош] SO3H SO3H 


(+ ortho isomer) 


NO; NO2 
50; 
(т) H250; 
SO3H 
[from (h)] 
cl 
CI "- 
15.35 (а) Сене ST сын; 
СС 
H 
(осн SCs > 
pressure 
OH 
2. обоа y on 
(с) C6H5 2) NaHSO3/H,O celis 
О 
vss (1) КМпО,, ОН”, heat 
(d) C6H5 (2) но” Ce6Hs ОН 
OH 
H;O ps. 
(e) Cg œ Ho, Ces 
Br 
A HBr Жы 
Ochs scout” Cos 


(е) C6H5 оноон НО OH- СӨН 


(1) BH3:THF D 
(b) сан SS m og * ene e 


„Хо 


Вг 
б cH Ss НРК не ~ 


5 peroxides 
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А Вг асеіопе I 
(0 сө “7 + ма “на” & ^ 
[from (i)] 
Br CN 
tk) Cds О + см OS 
[from (i)] 
D 
D D 
(1) ong ~ > agu 
pressure 


СЕН СЕН С6Н5 
Р 6115 heat 6115 H2 
(m) E: | — = 
^w pressure 


OH N ONa CHjl о 
(n) cau + «Ма CH и a жы О бй ~ Зен, 


[from (g)] 
CH; о. „ОН ох „ОН 
KMnO4, ОН“ њо“ Ch 
= ——— ---- --->- 
15.36 (а) heat FeCl, 
Cl 
CH; 
АКЬ 
(b) = + ortho isomer 
о 
сн; 
Вг 
uu c 
NO; 
(+ ortho > 
О. ОН 
KMnO4, OH. H3O* 
чы” heat is 
Br 


(+ ғы Es 
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CCl; CCl 


Cl» (excess) Cb 


(e) пета FeCl, 


cl 
сн; 


Cl АКБ | 
+ “и — + ortho isomer 


(f) 


(е) 


cl 
AICI 
о. o = welt УХ) + ortho isomer 
| HNO; (excess) шы зи. 
(h) H)SO4 | 


CH3 
ме: H50/H5S0, 
вер? aot heat 


SO3H SO3H 
(+ ortho isomer) 
СН; СН; 


(1) КМпО4, 
ЭР heat Cl; 


—— 
“omo FeCl, 


cl 


СНз СН; 
Е mi^ од 
ааа ——— 
HCI 
[9) 


Cr ortho isomer) 
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У 


ы 2 


о HN 
z ae (1) H0* 
15.37 (а) =—> Bu. e ЧЕ 
FeBr3 H20 


excess сон 


(+ т. isomer) 


Br 
о 
HN 
CY Br 
SO;H 


[from (b)] МО; ко, 


[from (b)] 
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HN 
excess 
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NH; NH; 
Br Br 
Br 
(e) ho” 
Br 


15.38 (a) Step (2) will fail because a Friedel-Crafts reaction will not take place on a ring that 
bears an —N6 group (or any meta director). 


О; о 
HN ЖЕ Ж СІ по Friedel-Crafts 
но” AlCl; reaction 


(b) The last step will first brominate the double bond. 


Tie 
T + ao 


light a 
B B B 
8 Вг - Вг А Вг 
Ж Вг 
+ + 
5% 
Вг 


15.39 This problemservesas another illustration of the use of a sulfonic acid group as a blocking 
group ina synthetic sequence. Here we are able to bring about nitration between two meta 


substituents. 
OH OH 
сопса H50,  HOsS concd HNO; 
————— ——————- 
60-65°С coned Н2504 
ОН ОН 
SO3H 
G 
OH OH 
HO;S №2 оно NO; 
————— 
heat 
OH OH 
SO4H 
H I 
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OH OH OH 
dilute 
H5S04 EM cl с 
15.40 — 
100°С 
SO3H SO3H 
[9] 
27 
AICL Zn(H 
15.41 | + о M. а. rum 
< 
о 
Toluene Succinic 
anhydride ie 
SOCL AIC _ 
— 
НО 
о 
В 
(СН 1403) ж 
NaBH, Ge Жи, 
---»- 
о 
D 
(C11H120) (Cutty) 
Том 
— a 
li; ght heat 
(сыны) (Сини) 


2-Methylnaphthalene 
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15.42 (a) 


(b) 


(1) CHyMgl Ha 
тъ. | 


9 (2) NH4* ~ 


OH 


(1) CeHsMgBr HA 
(d) ee — 
(2) NH4 heat 
СєН5 


“ү 
‚ш 
M 
“р 


Ну мъ 
— 
pressure 


C6Hs 


о a 
= сі cl — 
A B С D 
Br H Br CH; 
e \ © н) CH (д yey CH 


СН5 Вг C6H5 Br 
F G 


General Problems 


„См SOS 
15.44 (а) C6H5 Вг — — —3- СН; CN 


“чы as 
(b) C&Hs Br ———— CH5 ОСН; 
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о 
а 
(-NaBr) 


a Nal 7 
(d) C6H5 Br ——— с I 


acetone 
(-МаВг) 


OH 
(-NaBr) 
Br 
15.45 А = © "a O 
CH3 СН» 
H МО; 
NO3 : 
15.46 ааа | (опју possible 
Н;50, Б mononitro product) 
CH3 СН» 


15.47 (a) Large ortho substituents prevent the two rings from becoming coplanar and prevent 
rotation about the single bond that connects them. If the correct substitution patterns are 
present, the molecule as a whole will be chiral. Thus, enantiomeric forms are possible even 
though the molecules do not have a chirality center. The compound with 2-NO», 6-CO2H, 
2'-NO;, 6'-CO;H is an example. 
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15.48 


15.49 


The molecules аге atropisomers (see Section 5.18). Furthermore, they are nonsuperposable 
mirror images and, thus, are enantiomers. 


(b) Yes 


These molecules are enantiomeric atropisomers (Section 5.18). 


(c) This molecule has a plane of symmetry; hence, its mirror image forms are equiva- 
lent. 


о 
| 
АС 
ча ee i 
+ 
e о 
Mig <i, + НА + СГ 
CA 
СІ 
Сан ОСІ 


(a and b) The żert-butyl group is easily introduced Бу any of the variations of the Friedel- 
Crafts alkylation reaction, and, because of the stability of the fer#-butyl cation, it is easily 
removed under acidic conditions. 


(c) In contrast to the —SO;H group often used as a blocking group, —С(СНз)з activates 
the ring to further electrophilic substitution. 


At the lower temperature, Ше reaction is kinetically controlled, and the usual о/р directive 
effects of the —CH; group are observed. At higher temperatures, the reaction is thermo- 
dynamically controlled. At reaction times long enough for equilibrium to be reached, the 
most stable isomer, #:-toluenesulf onic acid, is the principal product. 
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= 
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The evidence indicates that the mechanistic step in which the C—H bond is broken is not 
rate determining. (In the case cited, it makes no difference kinetically if a C—H or C—D 
bond is broken in electrophilic aromatic substitution.) This evidence is consistent with the 
two-step mechanism given in Section 15.2. The step in which the aromatic compound reacts 
with the electrophile (МО?) is the slow rate-determining step. Proton (or deuteron) loss 
from the arenium ion to retum to an aromatic system is a rapid step and has no effect on 
the overall rate. 


C&Hs C6H5 -н›о C6H5 "a 


HA 

Cos A —— Сенте unos АН Е 

H 4 H О 6115 Н 
C6H5 а ^ CoHs aie “a Св он 


Very stable 
carbocation 
С6Н5 "= C6H5 
сен К БРЕ Cos A “~ 
о НА о 
CcHs H СН; 


(а) ELEAF Br would be the most reactive in ап 512 reaction because it is а 1° 
allylic halide. There would, therefore, be less steric hindrance to the attacking nucleophile. 


223 
(b) ^^ would be the most reactive in an Sy І reaction because it is a 3? allylic halide. 


The carbocation formed in the rate-determining step, being both 3? and allylic, would be 
the most stable. 


Challenge Problems 


Resonance structures for addingthe E* to the 2 position 
в о ЕО Ем 0 
lg сет) 
+ = Жыл 
Resonance structures for adding the E* to the 3 position 
+2 ар 
чэ» 
17 2? 
Е E 


There are more resonance structures for substitution at the 2 position of furan. The pathway 
for EAS should be lower in energy for substitution at the 2 position over the 3 position. 
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15.55 The final product is o-nitroaniline. (The reactions are given in Section 15.14A.) The 
presence of six signals in ће ^C NMR spectrum confirms that the substitution in the final 
product is ortho and not para. A final product with para substitution (i.e., p-nitroaniline) 
would have given only four signals in the ^C NMR spectrum. 


15.56 то H Glycerol). Aftersodium borohydride reduction ofthe aldehyde, ozonol- 


ysis oxidatively degrades the aromatic ring, leaving only the polyhydroxy side chain. Water 
is an alternative to HOAc sometimes used to work up ozonolysis reactions. 


15.57 О, ОН 


< 
—€— D 
н ~ он (Threonic acid) 
“он 


Ozonolysis oxidatively degrades the aromatic rings, leaving only the carboxyl carbon as а 
remnant of the alkyl-substituted benzene ring. Water is an alternative to HOAc used to work 
up the ozonolysis reaction. 


Quiz 


15.1 Which of the following compounds would be most reactive toward ring bromination? 
О 


OH ч о CH; 


15.2 Which ofthe following is not a meta-directing substituent when present on a benzene ring? 


(a) — Сен (b) —NO, (c) —N(CH44* (d) — CN (е) — COH 


CI 
B 
1&3 The major products), C, of the reaction, езе С, would be 
ерга 
cl e cl 

Br 

(a) (b) (c) 
CI 
Br CI 

CI Br 

(d) Equal amounts of (a) and (b) (e) Equal amounts of (a) and (c) 
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15.4 Complete the following syntheses. 


сн; сн; B 
A 
ey Есі, T 
H;S0, 
SO,H 
сн; р 
С 
— J] NO» ()KMnO, OHS, heat 
зе LE оваа БАН 
(2) H30* 


9 A © B 
"on. L—3 за Са 
О 
| 
=, 
р 
І. C XO 
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SOLUTIONS TO PROBLEMS 


о о 0) 
16.1 (a) и tin tg guts 


356 


(b) 


Pentanal 2-Methylbutanal 3-Methylbutanal 

О о О 
А AK МАА 
2,2-Dimethylpropanal 2-Pentanone 3-Pentanone 


ee 


3-Methyl-2-butanone 


о H 
о 
СНз 
ФО: 
H 
Acetophenone Phenylethanal 2-Methylbenzaldehyde 
(methyl phenyl ketone) — (phenylacetaldehyde) (o-tolualdehyde) 


о H ©. „Н 
D я 
CH3 + 
сн; 
3-Methylbenzaldehyde 4-Methyl benzaldehyde 
(m-tolualdehyde) (p-tolualdehyde) 


Pirate 


ALDEHYDES AND KETONES |. NUCLEOPHILIC ADDITION TO THE CARBONYL GROUP 


16.2 (a) 1-Pentanol, because its molecules form hydrogen bonds to each other. 
(b) 2-Pentanol, because its molecules form hydrogen bonds to each other. 
(c) Pentanal, because its molecules are more polar. 
(d) 2-Phenylethanol, because its molecules form hydrogen bonds to each other. 


(e) Benzyl alcohol because its molecules form hydrogen bonds to each other. 


о 


Тыз @) ee СЕ ea 
CH;Cl; 


357 


О О О 
(D РА 
(b) "ap pac 272” > VAY 


Et50,—78* C 
(2) но 
о 


A 


Во Ме Он H 
S Zw в: Фа. E120 (> ME “oF > 
OH PCC о 
ССБ 
5 H 
= (1) KMnO,, OHZ, heat О қос; 
(b) сн; >- e 
№ И (2) H30* oH 


QA se. сы 
— +» 
ЕБО, -78° С 
СІ а H 
(2) но 


OH LN 
pum 
о OL 
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B 
Br а CN аы „Ма г 
(е) diethyl ether 


о NMgBr 
== E зА 
о [0] 


(f) AAJ (1) ЕВизАИ, hexane, -78° C pw" 
OCH; > H 


(2) H30* 


16.5 (a) The nucleophile is the negatively charged carbon of the Grignard reagent acting as a 
carbanion. 
(b) The magnesium portion of the Grignard reagent acts as a Lewis acid and accepts an 
electron pair of the carbonyl oxygen. This acid-base interaction makes the carbonyl carbon 
even more positive and, therefore, even more susceptible to nucleophilic attack. 


@ б MgX 
M s | 229 
Czo. == ==6—0 
/ MNA | 

48 R 

Mg—X 

7 

R 

5 


(с) The product that forms initially (above) is a magnesium alkoxide salt. 
(d) On addition of water, the organic product that forms is an alcohol. 


16.6 The nucleophile is a hydride ion. 


H = 
Н, (x. Є, н. ‚О: H, „ОН 
16.7 xcu + 0 == Mae = 
H A ha H v H^ ‘OH 
H 


16.8 Acid-Catal yzed Reaction 


ТА“ 18 HA ЈА“ 
-н О H3*0* "oH 
+OH 18 зе 18 
2 -H20 OH БАС О 


ВОН 
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Base-Catal yzed Reaction 


OH- + но Но + 

а % 

Pe + пон aA 
а ВОН 


16.9 


Sucrose 


ma Ö— CH; 


(hemiacetal) 


+ „> 
№ va CH; +HO—CH; 
H -HO— CH; 
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(н mö- CH; 
№ X 


+ 


HA 
HA H OH tA 


359 


80H E 
OH = 
но он 
OH- deja H20 


OH 


Acetal T) 


Sucrose 


Е" 
at 
ОСН; 
H -HÖ—CH, а H “Өн 
№ <0— CH; 
Ф 
н OH; 
а "о—снз 
E 
ый 
Г О—сн; ..- 
н O—CH3 BA. 
О— CH; 
E И 0—CH; 


(acetal) 


-H,0 


———— 
о 


+90 
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16.11 n НО, Aon O—H 
OH таты. 
HOW Soy iil 
H 
H 


ES + .. 
2. “6 0 :А 0 
JG ds Xe HA Ха 
1612 НО 
xy 


[9] H о 
| о о 
о ОЕ ------->- OEt 
16.43 (a) HA о 
> OH 
ома 
2снзми, 5 еза, C ) А ои У 
ш. / 


C 


(b) Addition wouldtake place at the ketone group as well as at the ester group. The product 
(after hydrolysis) would be 


OH 
HO 
/ 
нА 
е се 
5% .. sot T m 
9 О ыш ОСО К 07 70-к 
2 но | 
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(b) Tetrahy dropyranyl ethers аге acetals; thus, they are stable in aqueous base and hydrolyze 


readily in aqueous acid. 
Ce Gt, р 
-i a R 
"o 
el ЕА. a а” 
О O—H о OH 5-Hydroxypentanal 


o 
cl O C = 
(c) Hg 3 ——- о e 22 fro 
о 


О S 
=== 5 
== H 


Raney Ni Е 
m ms CH; + CH3CH; + NiS 
2 
о ОН ОН 
16.16 МЕРЕ HCN m НСІ, НО 
c de ————» OH 
H CN reflux AY 
[9] 
Lactic acid 


(b) A racemic form 
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о 
| ^w 
(1) (С6НӘзР: = + 22 E 
(а) СН е, ЕЦ 2 (СвН5) 
о 


(б, m (1) (СЕН: t pm ~ 


P(C&H. — > 
(2) RLi NOR 6Н5)з 


о 


T А. Д 
(с) H9C— AGH); ----- Se. 


[from part (a)] 


о 
(d) H92C— P(CgHs)) | -- --- da 


[from part (a)] 
о 
(1) (CgHs)3P: + р o 
(е) „Вг QRi ^C LAU P(C6Hs) 22 
[9] 

(y^ 

f “Ур, (1) (С6Н5)зР: ти 

(f) ова ” (Сан = 


ond 
о 
га. 
Вг (1) (СвНозР: 5 ^ css 
-- > 
8) (вн ` 
M 
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Co В 
сын, 9 
16.18 `` Petts): — нъ leu 


(CgHs)3P* 


| 


C6H5, 5 C6H5, j 
H N жн H ^ SH 

r E 

(С6Н53зР-О (CgH5)3P* О 


ов + (CoHs)3P0 


16.19 (а) EN Methanal 
H H 


О 
(b) Ethanal 
gs 
о 
(c) C6H5 р Phenylethanal 
(d) A. P 
ropanone 
(e) 7 В 
е pu utanone 


Problems 


о 
(f) P 1-Phenylethanone or methyl phenyl ketone 
C6H5 
O . H 
(g) Diphenylmethanone or diphenyl ketone 
С6Н5 C6H5 
о 
H 
(h) 2-Hydroxybenzaldehyde or o-hydroxybenzaldehyde 
OH 
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о 
CH3O 
> H 
(i) 4-Hydrox y-3-methoxybenzaldehyde 
HO 
| O 
(1) T 3-Pentanone 
O 
(k) Su Rs 2-Methyl-3-pentanone 
O 
(1) ая 2,4-Dimethyl-3-pentanone 


(m) с бала 5 4 5-Мопапопе 
о 
(п) PP 4-Heptanone 
о 


(о) (Е)-3-Рһепуіргорепа! 
ergy 
16.20 (a) МИ он (th) NOUN 


о 
ОН 
(b) қад, si Aon! + Ав} 


OH 
li а 
(c) m on 
| 
О N 
k ела N 
(d) — е c аи СН; 


о 
(в) тет әр (i) ^^ + CHCH, + № 
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16,21 (а 


OH 
(b) (i) No reaction 
C6H5 
OH 
OH ) к” 
= рк a 2. 
С6Н5 
| 
(4) No reaction (k) JNA 
N H 


(e) pu (1) No reaction 


иа 


ОН 
©. а 
оо (п) „`2 + CH;CH3 + NiS 
[9] 
“МнС Н 
16.22 (а) (b) =з 
МО; 


OH 


(d) 
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Hott но 


H 
Уз + 2 
16.23 (а) EL o и о 


О H250, (cat.) 
(b) E. cU 
H 
OH о OH 


о 
(9 75 он Las _ 


OH of 


(1) H2504. H,O 4 
о 
о кы о 
(d) МЕ н p 
H5SO, (cat.) 
о 
H 


OH 


о о 
о H2504 (са!) 
(е) E s " 
HO 


OH 


[0] 
3 O әмме, (yo, (^ о 
Н 


ү 


OH f 
H20, „НО, H350; (cat) _ (cat.) 
CX T сон 7 Фа Y == == ГГ 
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H H 
СН МН, cat. НА 

16.24 » > < Ааа С» < 

О N 


[0] М 
(ен 
(b) cat. HA 


| | 
Мн; cat. НА 
(с) eg 


о 


о ғ. о 
(а) BELLNM CY Y 


1) HS 
a) ме ан к нр 
(e) (2) Raney Ni, H 
о y N1, H2 


©. JOR „_ ОН 
(г) CL) :CH)—PPhy (excess) сай 
= 
~ 
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о E f X 

= (1) O О 
16.25 (а) nie >. MeBr (exces) O о [0] оо 
^з БОА 

H © (2) ноғ 

(3) HyCrO, 


HO 


HSO. t. 
(b) о 2504 (cat.) о i 
OH 


NH; 
„НА (саб) _ 
(c) за CO 
о 
о 

(d) гу (1) HCN “А 
------->- 
(2) LiAIH, 


(3) о” 


PCC 
16.26 (a) 2 ксле 


он 
(1) CHMgBr 


(2) H30* 
— Ó—— 2 
(3) PCC 


(4) CH,CH,MgBr 
(5) H30* 
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(1) OsO4 
(2) HA (cat.) 


CY 


-------:-:-:--5- 


(с) 


| (1) Оҙ 
(2) СН.$СН. 
(d) E lus. MN 
(3) HA (cat.) 


но 


16.27 (а) Q е = С) Е СІ 
о3 \ us б 
H 
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H 
+ 
(b) CH4O 
е. 
№ снубн 
H “ај 
L^ 
О e HS 
ue S o ну 
OH OH 
H 
dt 
CH;0 
[2 
H 
CH30H ғғ. age > 
+ 79 
О о о 


H 
ЖТ 
02 


Hi. 
о 
z 
CO +“ CO 7 ста 
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о --- — 
(d) T о-Н-- О — OH 
га қ 5 
H H 4 
70 
H H 
OH OH OH 
H 
pe 
HL й 
о H 5 о 
C нА „Н 
OH === OH == T | 
H H 
E „и 
M gr 


gp E 4 но” y^ “он H + во" 


OH 
16.28 
mre | ) РСС (1) PCC 
— > 
оу Мав. QN МаВг 


(3) H0* (3) но” 


OH 
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Synthesis 


[9] 
(0) 
лы, АКБ i eoi 
16.29 (a) + 4 > 
о 
[0] 
АКБ 
——— 
ро 


(Other methods are 
possible, e.g., МаВН, 
reduction of the starting ketone 

followed by dehydration and m Ni 
hydrogenation.) 


H NaBH; _ 
16.30 
МН њо? OH 
-->- 
CNHyH;O 
p socn _ Фи. 


[from (b)] 
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о OMgBr 


ДРУЗ 
iethyl ей 


[from (c)] 
о ОН 
у“ н (1) CHyMgl . 
(e) | T Н + enantiomer 
> (2) HO 
о OH 


т а) И Mer | 
(f) ——————- H + enantiomer 
(2) НзО 


or Clemmensen reduction of benzaldehyde 
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375 


о OCH; 
у н CHOH ОСН; 
(i) nz 
о на 
е H HO Н (See Problem 16.8 
0) ТЫТЫШ f : 
НВО ог Ше mechanism) 
О р 
1) NaBD. OH 
(k) H (DNaBDé— Мавр; H + enantiomer 
(2) О? 
о OH 
CN 
(1) | | H HCN, H + enantiomer 
(a cyanohydrin) 
о 
ат ОН 
н NH,OH М А 
(т) =——%. + stereoisomer 
НА (ап oxime) 
H 
о | 
H H сай NS 
H ~ P но" N C6Hs 
(n) ъ „2 N =N o | 
H Сен; А +  stereoisomer 
OH  (aphenylhydrazone) 
о 
H 
(0) + quu E — ыз ene 


(a Wittig reason 


о 
Alcl 
16.31 (a) © + За Шы 
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қ [9] 
Ж 
2а 
но Ж al 
(b) og == | | 
-, 
[9] OH 
H (2) но” Bes 
(c) + 7^7 MgBr — acetone 


16.32 (a) 


4,4 
| 


О 
Ў OH SoC), < СІ НАШ 54, H 
e P Et,0,—78° C 
|| О о 
(1) KMnO,, ОН" OH  [asin(b)] a H 
(c) a CEU — | | 
(2) H30 Мм. 
о о 
“ (1) KMn0,, OH- ма ОН {as in (b)] H 
(d) А-а-а | --- 
(2) HO Sue 
о о 
2“ OCH; (1) (лн ec H 
(e) | > 
S (2) H20 
N О H 
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OH [ө] 
HCrO, (1) CHyMgl pg HÀ 
s —_— > 
16.33 acetone (2) мн, НО heat 
A B 
(0) 


(00; H (1) Ав0, ОН- 
— ———>» 
(2) Меҙ5 (2) HA 

с 


Е 
Or. JH о. JH 
16.34 дъ H30* X 0 
|, heat | ы, ча 
а 22 “он 
é OH 


The compound C7H60; is 3,4-dihydroxybenzaldehyde. The reaction involves hydrolysis 
of the acetal of formaldehyde. 


о 
MgBr о і 
о = racemic 
VS (2) но” OH 
MgBr (1) ИХ OH pcc 
— 
(2) НО“ СН: СІ, о 
[from (a)] 
Н 
2 о 
" 
е Вг (1)(С6Н53зР Р(С6Н5); сан ~ H 
(2) санып | 


(a Wittig reagent) 
P жы 
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MgBr , (2)H3O* H3CrO4 
ч за PUE TA acetone 


[from (a)] racemic 


о о 
OH M 
16.36 Br а НА AC 5 
NE РА HO T Br о ЕСО 
А 
О 
o (1) к. ОН о 
ВгМЕ A~ p о (2)H30*, H20 БР = = 
B С 
© (1) СНЗОН b 
Prr (2)HA 
OH OCH; 
(a hemiacetal) D (an acetal) 
о 
ies (TR) (38) 


3,7-Diethyl-9-phenylnonan-2-one (dianeackerone) stereoisomers 


OCH, 
16.38 A, e 
LS on спа SS ocu; 
B 


E OCH; + О 
KMnO,, OH H,0 
заа: 2 — 
cold, dilute Ho OCH; HO во ~ H 
OH OH 
C Glyceraldehyde 


The product would be racemic since no chiral reagents were used. 
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16.39 


Diastereomers 


1) 2 (CéHs)3P + А А + 
16.40 Br 1 ^ Br @)2 Coe (сна ЄЗ ~P(CoHs)3 


(2)2 RLi 
A 
о 
аса | T 
А ии в. 
u 7 и Pt Hà > п 
B С 


pressure 


16.41 (a) Retrosynthetic Analysis 


ke Г» о он 
= — 
HO о M о 
OH Хо Хо 
+ 
Ow || 


Вг MgBr 
о 
HO о тж 
он bens 
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Synthesis 
Br di Br (1) Мв 
о 
HA(cat.), H @ у М 
HO о OBO 
) H30 
OH М0 
EU Г» 
| (1) Н,О, HA (сас) қ. Ы 
У (2) РСС 
TT 
№0 (3) НА (cat.) HO 


(Ow OH 


(b) Retrosynthetic Analysis 


о 
OH 
EM OH 
== + => 
MgBr 
2 

~ OH „О 
=== 

7 H 

о + 
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Synthesis 


OH (D HC — PPh, (excess) 


о 
(2) РСС 7 
>- 
Н 
О 


(1) СН;СН;МеВг 
(2) но" 
OH OH 
~ (1) РСС 
(2) CH;CHMgBr 
aio 
(3) МНАСУЊО 
+ + 
OH OH OH гон 


> 
Б 
па: 
к. 
о“ 
cR 
© 
27 | 
S 
т 
ФА 
© 
= 
о == 
s 1) 
o 
= 


HO о HO HO 
H.-H 
OH OH Yi 
pu 
о о, 
H,0* + ——= 
OH OH 


16.43 Thetwo nitrogen atoms of semicarbazide that are adjacent to the C = О group bear partial 
positive charges because of resonance contributions made by the second and third structures 
below. 


о о о 
Нм. J .. <-> HN га <> HN. ДА + 
2 РЕ 2 “ан, 2 йи, 
| 
Н Н Н 


This nitrogen is the most nucleophilic. 
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16.44 Hydrolysis of the acetal linkage of multistriatin produces the ketodiol below. 


O HO 


16.45 o 
j Y 0 i | 
р ot (CHO “ү М М Хан, | 


о ii 
> Асо Н о 
16.46 Compound W is singe aa 
сњ 
multiplet 673 eF 7 IR peak near 1715 ст“! о 
CH; | 
(1) KMnO4, ОН“, heat COH 
о + 
Compound X is | (2) НзО сон 
e. 1 
multiplet 8 7.5 CL ma AN 
сӣ, triplet 5 2.5 Phthalic acid 


“-- 
triplet 53.1 


16.47 Each'H NMR spectrum (Figs. 16.4 and 16.5) hasa five-hydrogen peak near à 7.2, suggesting 
the Y and Z each has a CgHs— group. The IR spectrum of each compound shows a strong 
peak near 1710 ст-!. This absorption indicates that each compound has a C=O group 
not adjacent to the phenyl group. We have, therefore, the following pieces, 


о 


(У ш ~ 


If we subtract the atoms of these pieces from the molecular formula, 
СюоН |20 
C;H50 (C6H5 + C=0) 

we are left with C3H7 


Inthe ЇН NMR spectrum of Y, we see an ethyl group [triplet, à 1.0 (ЗН) and quartet, 
8 2.45 (2H)] and ап unsplit —CH,— group signal [singlet, д 3.7 (2H)]. This means that Y 
must be 


QT 


1-Phenyl-2-butanone 
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Inthe ЇН NMR spectrum of Z, we see an unsplit —CH; group signal [singlet, ô 2.1 (3H)] 
and two triplets at 6 2.7 and 2.9. This means Z must be 


О 


4-Phenyl-2-butanone 


16.48 That compound A forms a phenylhydrazone, gives a negative Tollens' test, and gives an IR 
band near 1710 ст“! indicates that А is a ketone. The PC spectrum of A contains only four 
signals indicating that A has a high degree of symmetry. The information from the DEPT 
PC NMR spectra enables us to conclude that А is diisobutyl ketone: 


о 


(а) (6) (с) (а) 


Assignments: 
(a) 8 22.6 


(b) 524.4 
(c) 8 523 
(d) 5 210.0 


16.49 That the °C spectrum of B contains only three signals indicates that B has a highly sym- 
metrical structure. The information from DEPT spectra indicates the presence of equivalent 

\ 
methyl groups (CH; at 8 19), equivalent — C — groups (at 8 71), and equivalent Hn 


groups (at 5 216). These features allow only one possible structure for B: 


(a) 


Assignments: 
(a) 8 19 
(5) 571 
(c) 8 216 
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QUIZ 


Challenge Problems 


(a) О-Н stretch at about 3300 ст“ !; C=O stretch at about 1710 ст”! 


o, OH 
(b) (Intramolecular hemiacetal 
from C) 
H3CO OH 
H3CO 
E 


А 
Which Wittig reagent could be used to synthesize зад. any other 
needed reagents are available.) 


(a) [m (d) Morethan one of these 


~ 
(b) Гр“ uem (e) None of these 


(c) У “сн 


Which compound is an acetal? 


OH 
(a) | ын; (4) More than one of these 
Ж 
(b) ще. (е) None of these 
Мо och; 
о 
ж 
(с) ) 
Е о 
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(6) 
m а 
; > 2 
16.3 Which reaction sequence could be used їо convert 27 to 2 ? 


ie) 


(a) Оз, then Me5S, then А СВ, ee 
о 


(b) (1) Hz, P2 cat; (2) 4l а aes (3) NaBH,, НО“; (4) РСС 
о 


(с) HCl, then ds OH 


(9) Оз, then Ме;5, then Н5О4, HgSOz, НО, heat 
о 
(е) Ре И H202, OH~/H20 


16.4 Complete the following syntheses. If more than one step is required for a transformation, 
list them as (1), (2), (3), and so on. 


hy THF 


O7 LLL GA 


‘ j E 


oo 
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A сыны 
"UN си 


Авон " | С И за 


212. m 
SN 
(racemic) (racemic) 


16.5 An industrial synthesis of benzaldehyde makes use of toluene and molecular chlorine 
а! 


as starting materials to produce Cl. This compound is then converted to 
benzaldehyde. Suggest what steps are involved in the process. 


16.6 Inthe case of aldehydes and unsymmetrical ketones, two isomeric oximes are possible. 
What is the origin of this isomerism? 
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DERIVATIVES: NUCLEOPHILIC ADDITION- 
ELIMINATION AT THE ACYL CARBON 


SOLUTIONS TO PROBLEMS 


17.1 (a) 2-Methylbutanoic acid 
(b) (Z)-3-Pentenoic acid or ( Z)-pent-3-enoic acid 
(c) Sodium 4-bromobutanoate 
(d) 5-Phenylpentanoic acid 
(e) (E)-3-Ethyl-3-pentenoic acid or ( £)-3-Ethylpent-3-enoic acid 


17.2 Acetic acid, in the absence of solvating molecules, exists as a dimer owing to the formation 
oftwo intermolecular hydrogen bonds: 


О:-- н-о 
ey, 


At temperatures much above the boiling point, the dimer dissociates into the individual 
molecules. 


О 
17.3 (а)Е (Е— is more electronegative than H—) 
T 
о 
(b) Е (F— is more electronegative than Cl—) 
чи 


О 
(с) СЇ - 5 B (СІ-- is more electronegative than Br—) 
О 


Е (0) 
(d) FW (F— is closer to —CO2H) 
OH 


о 


(е) ма (Е- is closer to —CO;H) 


F 
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О 
+ + 
(f) Me3N L [Me; N— is more electronegative than H—] 
OH 


о 
e T (b) е М 
174 (a 
тп ON 
о о о 
(с) CH; 
асай 2 есет " v 
сн; 
о 
Oye, « | De 
О 
о 
о 
or а (h) ale _CH3 
wl о H^ ~N 
| 
Ша CH; 
о о 
; чы 
Ба” of 9 
Br В „2% 
О 
о 


1) KMnO,, ОН”, heat ОН 
17.5 (a) „(ШКМ РН heat 
(2) H30* 


LibraryPirate 


Eus CO; 


CARBOXYLIC ACIDS AND THEIR DERIVATIVES 389 


Br MgBr 
Mg со; OMgBr њо" 
(b) ---- ресни 
ЕО | 
О 
Cy 
о 
(D Сълаон c OH 
— — | * CHCh 
(2) H30 Хе 


EMER OH, ОН”, heat 
(2) но ~ 
о 
(DKMnO, OH heat _ ОН”, heat OH 
(2) оно >” 
22 


OH 


(Q)KMnO,OH^ __ 
(2) Но” 


17.6 These syntheses are easy to see if we work backward using а retrosynthetic analysis before 
writing the synthesis. 


(a) Retrosynthetic analysis 


Synthesis 
OH 
Br Mg MgBr (1) CO; 
— oo 
121910] (2) H0* о 
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(b) Retrosynthetic analysis 


аа => MgBr === Вг 
OH 
ТА шр ч 


О--С--О 
Synthesis 
к ча db. d (2) Q Ho 
T 
О--С--О 
(с) Retrosynthetic analysis 
о 
MgBr Br 
PX — Lig” ZA 
+ 
О--С--О 

Synthesis О 

Вг MgBr Ч 
ZA ШЕ, 2 7 Е e) COR, pe OH 

ЕЬО + (2) H,0* 
О--С--О 


(4) Retrosynthetic analysis 


MgBr Br 
OH — O = Гү 
+ 


Synthesis 


Br MgBr 
Mg (1) (1) со; _ 
— 
ЕБО (2) (2)H,0° 
+ 


(e) Retrosynthetic analysis 


О 

PN а Pe a s mel 

он => 

+ 
О--С--О 

Synthesis а 
т ВЕ Mg. ча. реч, is pw 

ЕьО (2) H,0° 
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17.7 (a) 


OH 
Pe 


Retrosyuthetic analysis 


Е " (1)CN^ pw 
ж-, Eee ИТ он 


(2) H3O*, А 


(0) 
к чин 


Retros ynthetic analysis 


paw aas oi (1) CNT Pe ee 
OH 


(2) H3O*. heat 


(b) A nitrile synthesis. Preparation of a Grignard reagent from ng sz ы Ға would 
not be possible because of the presence of the acidic hydroxyl group. 


17.8 Since maleic acid is a cis dicarboxylic acid, dehydration occurs readily: 


О (0) 
OH E 
ANO, O + во 
он 
[9] о 
Maleic acid Maleic anhydride 
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Being a trans dicarboxylic acid, fumaric acid must undergo isomerization to maleic acid 
first. This isomerization requires a higher temperature. 
о О о 


HO heat OH -њо 


Fumaric acid 


17.9 The labeled oxygen atom should appear in the carboxyl group of the acid. (Follow the 
reverse steps of the mechanism in Section 17.7A of the text using H2!*0.) 


H 
17.10 A ыы allah и 
‚ - м ocn, 
Оа 2 
H 
Intermolecular 
proton transfer 
H 
ж 
РЕН С] + СВ; 
Ld 
“.--. H 
17.11 (а) (1) 
+ CgHsSO2cCl ——~ 
OH 0$02С6Н5 
А 
ОН”, heat ТН с.н.5о-- 
(inversion) + 65958 
B 
о 
о Д 
СА + wha СА 
OH O. „СвН5 
С: 
о о 
ОН”, heat PN = 
(retention) 
OH 
D 
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H о (0) H 
(3) AVIS + Pt ыр (inversion Дода. + NaBr 
E 


О 
ОН”, heat H 
(retention) ноја + "setas 


F 


ОН”, heat 


H H 
(4) AVIS por но“. „©. + Br 
F 


(b) Method (3) should give a higher yield of F than method (4). Since the hydroxide ion is a 
strong base and since the alkyl halide is secondary, method (4) is likely to be accompanied 
by considerable elimination. Method (3), on the other hand, employs a weaker base, acetate 
ion, in the Sy2 step and is less likely to be complicated by elimination. Hydrolysis of the 
ester E that results should also proceed in high yield. 


17.12 (a) Steric hindrance presented by the di-ortho methyl groups of methyl mesitoate prevents 
formation of the tetrahedral intermediate that must accompany attack at the acyl carbon. 


(b) Carry out hydrolysis with labeled '5OH- in labeled H2'50. The label should appear in 


the methanol. 
о H 
OH” | 
| NS H20 сев E № Қалы 7 
17.13 (a) Сена ТМ о 
нзо* H 4-H 
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о о 
он- _ NH2 = NH2 
о ШО ghe t “YL 
HO NH2 сен 
(©) Se Е "P 
o | B я A 
H Cos но“ Вещи: rum 
= > HO + HO 
н.о 


CeHs 
SOCI NH 
1714 (a) A — Age —— Дре 
О О о 
P4010 
—— 
heat CN 


(b) Anelimination reaction would take place because СМ“ isa strong base, and the substrate 
is a 3? alkyl halide. 


NC” ~H Сұ ——- HCN + aA + Br 
Br 


| 
сњон O—C—N СН» AO 
17.15 (a) $ = о | 
H 


О 


О 
| | 


(b) © + «св мно —> г. 
е + == 
cl а CH3N Dens + 2CH;NH; + 2 С! 


H H 


о 
| 


СН» Ue е ka А is 
о cl - OH 
(c) + H3NCH;CO; --- 
о 
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СНз 
wo ff 


+ 
HBr Н;МСН,СОН + 


| CH3CO;H 


CH; C т + Ж 
m СІ № ~ N 2 aD" H3NCH;CO; + 
H 


CH3Br 
CO; + CY 


17.16 (а) By decarboxylation of a $-keto acid: 


о 


2 С. 
100-150°С,_ -150° 
Sa AA MR 4 + со 
OH 


(b) By decarboxylation of a substituted malonic acid: 


e o 
о 
ноу Кон везане, 100--150°C а + со; 


(c) By decarboxylation of a #-keto acid: 


о 


jo 
с” 100-150°C + са 


(d) By decarboxylation of a substituted malonic acid: 


100-1509 С _ 150"C, n 
чи" + CO 
OH 
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17.17 (а) The oxygen-oxygen bond of the diacyl peroxide has a low homolytic bond dissociation 
energy (DH? ~ 139 KJ mol~'). This allows the following reaction to occur at a moderate 
temperature. 


о [o re) 
"m — 2 T - АН?- 139 kJ mol! 


(b) By decarboxylation of the carboxyl radical produced in part (a). 


о 


Ж 


ВА ЛӨ: — Вә + со, 


(с) Chain Initiation 


О о о 
Step 1 "WP Jat 2 x s 
о 


oh 


5ер2 В О —» В: + СО, 


Chain Propagation 
Seps fe A = ===> 7% 


Step 4 ROS + = — ВТУ, 
Steps 3, 4, 3, 4, and so on. 
Problems 
Structure and Nomenclature 


[9] 


о 
17.18 (а) Pip ef, (b) мы у 


о 
p әт. 558, 9 
с он 


[ the (2) isomer ] 
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о 
о 
HO OH 
(e) үм f 
OH (f) as 
о 
о 
о ОН 
о о 
(2) = | (h) P 
EN 
(е) OH 
о 
о A 
| о 
(i) мага (i) ва 
о 
(К) p (ђ P 
о о о о 


1719 (а) Benzoic acid 
(b) Benzoyl chloride 
(c) Acetamide or ethanamide 
(d) Acetic anhydride or ethanoic anhydride 
(e) Benzyl benzoate 
(f) Phenyl propanoate or phenyl propionate 
(g) Isopropyl acetate or 1-methylethyl ethanoate 


(h) Acetonitrile or ethanenitrile 


LibraryPirate 


397 


398 CARBOXYLIC ACIDS AND THEIR DERIVATIVES 


17.20 Alkyl groups are electron releasing; they help disperse the positive charge of an alkyl- 


ammonium salt and thereby help to stabilize it. 


RNH, + ње“ —= вен + но 
Stabilized by 
electron-releasing 
alkyl group 
Consequently, alkylamines are somewhat stronger bases than ammonia. 


о 


Amides, on the other hand, һауе acyl groups, gs. attached to nitrogen, and acyl 
groups are electron withdrawing. They are especially electron withdrawing because of 
resonance contributions of the kind shown here, 


i, == dc 


This kind of resonance also stabilizes the amide. The tendency of the acyl group to be 
electron withdrawing, however, destabilizes the conjugate acid of an amide, and reactions 
such as the following do not take place to an appreciable extent. 


кој О 

pu ж о“ === Д, + во 
R^ ^ NH; R^ "NH, 
Stabilized Destabilized by 

by electron-withdrawing 
resonance acyl group 


(a) The conjugate base of an amide is stabilized by resonance. 


oO 


y its А 


+ в NH + BH 
GF 
ot 


This structure is especially 
stable because the negative 
charge is on oxygen. 


There is no resonance stabilization for the conjugate base of an amine, ЕМН“. 
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(b) The conjugate base of an imide is stabilized by additional resonance structures, 


Koy Тай "Oo "Or 


А.А Жа 


к ЭМНС Зи + OF м "E 
An imide 


—- 
R N R R y 
Functional Group Transformations 
О ОН 
17.22 (а) (b) 
к. = + HCl Қа Ға 
о о 
(с) (9) 
„Ыр, bans, 
О [9] 
Ж о 


о 
о 
CH CH3 H 
w Д (h) ple " “М сг 
ONa | u^ Nu 
H 
0 о 
„Дь жен; ш = = G) Жос 
| CH, “н 


LibraryPirate 


400 CARBOXYLIC ACIDS AND THEIR DERIVATIVES 


17.23 (a) СНСОМН + CH3CO)- МН. 
(b) 2CH;CO,H 
(с) CHXCO;CH;CH;CH; + СНСО,Н 
(d) свнзсосн; + CH;CO2H 
(е) CH;CONHCH,CH; + сн СО,“ CH;CH;NH;* 
(f) CH;CON(CH2CH3)2 + CH3CO;7(CH4CH;);NH;* 


о x О 
17.24 (а) eee NH4 (b) не ж аш 
[9] о 
о О 
@' ^g IA E @ OH 
о [9] 


(e) (f) 
[9] 
H „2 9 
О 
17.25 (a) ғы, + «а. „он 
[9] 
(b) Ew. + \ OH 
О 
(с) и E Lk et ng ТЕ А он 
О 
(d — е + \_OH 
| 
H 
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о 
17.26 а. Д 
OH + NH4* 
о 
(b) 
Sul. + NH; 


(c) NUON 
о 
17.27 (а) ( > (b) um 
0 КФ) + (ЕЛ 
о О 
о 
(с) (d) О 
о 
о о 
о о 


(е) NH (f) Се» 


General Problems 


О [9] 
17.28 „Су вос, on 
(b) Дон ы "dy к. 
_ Мез „_ 


О НО (cat) (cat.) 


о 


(с) "rw H20, H2504 (са!) es 
—— ъ OH 


о О 
d) 
Н  H;Ccro, OH 
--->- 
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(1) Mg? 


(2) CO; p 
(e) Bü apne 
(3) HO OH 
OH о 
1) NaOH, H,O 
(9 Y ee t ET 
Qo 7 њо? OH 
H 
(g) | H,O, H5SO, (cat.) OH + 
N — + [^—NH; 
l Z О 


(1) HyCrOy 
СІ” 5060 _ 
(1) H;CrO, 
a) Су" OCH; 


(2) СНЗОН (excess). H2SO4 (cat.) 
» 


о 
ДИОН NaOH, H;O 
Dm но? 
© иа 


17.29 


(1) H20, H250; (cat.) 
КОД ___, 


(d) о mM nar Rl A) 4 


о 
o sr oes do. Tom 
о И аа 
НСІ, ЊО 
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о 
PES ри $“. 
———- 


4904. 
Om ДАЈ 


ода 
ы ^0 


е 222 ae 
8 
HO OH 


[0] 
КЫ f 
(e) о. И x son 
AICI, 


о OH 


Y Y 
H 


(1) KCN 


2 , Б 
17.31 (a) а 
CN OH 
о 
H 
о 


(1) DIBAL-H 
(2) но” 


(b) 


(1) CH3MgBr 


Y 
e[ y ORO | 
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(d) NH НО, H2SO, (сас) а 
нар ee ee мн; 
нь 


о HO 

№ OCH; (уе MgBr (excess) j 

г (2) њо" 2 

ји - Д 
Р; 


„ 


“ 


Mechanisms 
17.32 See the mechanisms in Section 17.8F, where R = СН;СН; for ргорапатійе. 


о О H 
| / l 
17.33 (a) ж-ы. жы 70—5—0 
| | 
+“ о Sot о ы” 
е === ыу _ 
он OH OH 
в 
H3C 
^ PB 
| 7 
/ вена в. 
но он HO: он „/ | 
f © 
O—CH; 0—CH3 
Су © = 
H о 
| 
-0—$— 0 
| 
о 
1 H 
H A^ 7 
Pros HY :0—s— 
н--6 (бн o ~ S o 
А. 5 с о 
O— CH; OCH; OCH3 
+ 
H,O 
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Co p о о 
(b) — бас -— не 
( с +N—H +N 


= NH 
E in ( 
<7хн; к + 
а е” 
мн: 
М 
1 H о 
(0 psd H_ H ald 
0: 
Ра но EN. A Eh | 
SS Sh ее | H 
S SS N 
H с 
о H 
о | 4 
У“ | 


к. МН» б МН» 
H нн 
pu Еби он __- Арон 
“Әр мн; но “хн; E b 
T Ут 
H w 
н-/ МЕ «а ? H 
= 4 
TN 


17.34  cis-4-Hydroxycyclohexanecarboxylic acid can assume a boat conformation that permits 
lactone formation. 


Neither of the chair conformations nor the boat form of trans-4-hydroxycyclohexanecar- 
boxylic acid places the —OH group and the —CO;H group close enough together to permit 
lactonization. 
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Synthesis 


СНз 
(1) KMnO,, ОН“, heat 
1735 (а) т: = 
(2) H30 
cl 


OH (1) ЗОСІ 
(b) 


(from (а) Et,O, —78° С 


CN _№0*. НО _ но 
— hear + 
CH3 
(о) NBS 
— 
5 ћу ог ROOR 
1 


© ССІ cl 


cl 


OH 


о 
£y HCN 
-- > 
cl 


| Br Масм 
— 
O, ОН 
о. Н но. „см 


(1) SOCl, HCN 
(d) ---- ІТ — 5>- 
& (2) LiAIH 0-4) а ө 


[тот (с)] Et,O, —78° C 
о 
но 
OH 
H,0+, H,O 2? 
————— 
heat ~ 


CI 
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OH  (DKMnO, OH , heat OH 
17.36 (а) но СКИ Ho 


(2) H30* 


OH - 
(b) CEO. OH BM, e oe 
(2) H,0* y OH 
о 


17.37 (а) OH (1) KMnO,, ОН“, heat 
ES P c m -------------- 
(2) но? ОН 


1) Mg, ЕО H,0* 
Ox 1o c t 
(2) со; OMgBr 
о 
У он 


H30*, H20 
heat 


мұр ВГ ENG. SS ӨМ 


(c) oe У» (1) КМпО,, ОН“, heat 


КЕ) or (Z)] 


(2) О? 


(d) " (2) но” он 


CH; сн; CH; 
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soc (2 ліс, 
17.39 ase | — А 
о > о 


OH 
See text, p. 691 


ЧЕ 
8. 
oe 


(1) СН Мавг 
(2) NH,CV/H,0 
сн“ Тон 
C6H5 C6H5 
Nona 
+ 
СН; 
H COH H 
A А H 
" he = „СОН 
17.40 (a) + | == 
“м Жа 1 "COH 
н“  'coH 
H, сон 
A c : COH 
(b) * | E | 
< JP "COH 
нос” Сн 
H сон 
(c) + | a СОН 


17.41 (а) din. nd ТӨСІ, pyridine = њ см“ Ба“ а 
(retention) (inversion) eu 


OH A OTs B 
(R)-(—)-2-butanol | 
H2504, НО 7 (1) АНА = 4 
i Юа EU 5 
(retention) COH (2) H20 (2D "an 


WC (retention) 
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PBr. $ 
(b) Зы, ae СЩ 
шуя “pyridine | В i 222% и 
г 


(inversion) 
(inversion) CN 


(R)-(—)-2-butanol E F 
#50. i 
3504, НО йт ol (1) ПАША ии 
(retention) COH (2)H,0 OH 
(retention) 
с) с Фо 


О 
им pr A 
Jm 0 и H (retention) H о 
Ts ЕО ОН 


А с че (+) H 


© (S)-(+)-2-butanol 


(d) 4 a PBry foe ma Mg 


= и = oe 
N (retention) № diethyl ether 
OH Br (retention) 
(-)D J 
Poy (со — 47^ 
H ---->- H 
(2) но" A 
MgBr (retention) COH 
K L 
о OH OH 
=) p Pads Linge 
HO Сұ сн на, но су см , но су "CN 
ОН OH OH 
(R)-(+)-Glyceraldehyde || || 
СМ СМ 
но 5, но > 
HO OH HO OH 
M N 
о О [9] 
Н,50,, ЊО “И З 0] ды „А, 
f) M——— - Ho” ~ он dole HO” »—« Тон 
HO OH HO OH 
Р meso-Tartaric acid 
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— 
шия на, CERTES hon 


(– ie Bs wo 


о H 


Mt -— 
17.42 |: OH OH Br 
H OH 
(R)-(+)- (R)-(-)- (5)-(-)-3-Вгото- 
Glyceraldehyde Glyceric acid 2-hydrox ypropanoic 
acid 
[0] ОН Ж О. OH 
О H30 NaCN 
К heat A CN 
Нон en Нон 
(R)-(+)-Malic acid (R)-(C4H5NO3) 
Н, „он [сЁ Problem 
1743 (а) но S н SENE HO 17.41(e)] 
[0] 
M 
(R)-(+)- 
Glyceraldehyde 
[0] 
Н, OH 
N TOS, но [0] > но" 
H30 OH HNO; us 
H* “он 
ке. em 
(cf. Problem 17.41(g)] 
о РВа 
НО. ыы, OH Zn 
£ H30* 
о H OH 


(S)-(—)-Malic acid 
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(b) Replacement of either alcoholic —OH by a reaction that proceeds with inversion 
produces the same stereoisomer. 


о 
н, он PBry 


с OH (inversion 
o H OH at C2) 


(inversion 
at C1) 


PBr3 


H, оно 
HO 4 ы! 
o Н“ ‘OH 


OH 


(c) Two. The stereoisomer given in (b) and the one given next, below. 


PBr; He Е 
OH (retention Ho hon = НО 
at C2) Н“ "oH 


н, оно 


н“ “он 


PBr (retention 
at C1) 


(d) It would have made no difference because treating either isomer (or both together) with 
zinc and acid produces (—) malic acid. 


(—)-Malic acid 
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17.44 (а) CH30;C— С=С — CO CH}. This is a Diels-Alder reaction. 


(b) Hp), Pd. The disubstituted double bond is less hindered than the tetrasubstituted double 
bond and hence is more reactive. 


(с) CH;—CH-—CH-CH,. Another Diels-Alder reaction. 


(d) МАНА 
О 


(е) СНз — 5 — СІ апа pyridine 
1 
(f СН3СН;5- 
(е) OsO4, then NaHSO; 
(h) Raney Ni 
(i) Base. This 15 analdol condensation. 


() CeHsLi (or CeHsMgBr) followed by H30* 


(К) НзО+. This is an acid-catalyzed rearrangement of an allylic alcohol. 
о 


(D CH3CCl, pyridine, 


(m) Оз, followed by oxidation 
(n) Heat 
Spectroscopy 
о О 
is. он“, H,0 
Phenacetin Phenetidine 


An interpretation of the ЇН NMR spectral data for phenacetin is as follows: 


о 
(с) 
Е Ра тея 
(a) r 2^ Н (5) 
— (e) 


(4) 
(a) triplet 5 1.4 
(5) singlet 5 2.1 
(c) quartet 5 3.95 
(d ) doublet 8 6.8; doublet, 8 7.4 
(e) broad singlet 5 9.0 
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(c) (6) (а) 
17.46 (а) ^ Ок 26 
@ Ө (% (c) 
Interpretation: 
. о 
(a) Triplet à 1.2 (6H) ча ‚ 1740 em! (ester) 
(b) Singlet 8 2.5 (4H) о 


(c) Quartet ô 4.1 (АН) 


и (а) 


(b) 
Nos P (a) 


Interpretation: 


[9] 
(a) Doublet 5 1.0 (6H) ia , 1720 em-! (ester) 
(b) Multiplet ô 2.1 (1H) ще 
(с) Doublet 6 4.1 (2H) 


(d) Multiplet 5 7.8 (5H) 


О 
(c) S Bm 
(4) 


Interpretation: о 

(а) Triplet 5 1.2 (3H) bu m 
(6) Singlet 5 3.5 (2H) o. 

(c) Quartet 8 4.1 (2H) 

(d) Multiplet 6 7.3 (5H) 


cl OH 
(a) 


Interpretation: —OH, 2500-2700 cm7! 


(a) Singlet 8 6.0 “en "T 
(Б) Singlets 11.70 b АЛЕ (acid) 
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cl О ic) 

c 

(e) "m. AT 
(b) (a) 


Interpretation: 


(a) Triplet à 1.3 ка : 
(b) Singlet 54.0 5 , 1745 спт-! (ester) 


(c) Quartet 8 4.2 VES 


17.47 That compound X does not dissolve in aqueous sodium bicarbonate indicates that X is not 
a carboxylic acid. That X has an IR absorption peak at 1740 ст“! indicates the presence 
of acarbonyl group, probably that of an ester (Figure 17.2). That the molecular formula of 
X (C2H,204) contains four oxygen atoms suggests that X is a diester. 

The ЗС spectrum shows only four signals indicating a high degree of symmetry for X. 
The single signal at 8 166.7 is that of an ester carbonyl carbon, indicating that both ester 
groups of X are equivalent. 

Putting these observations together with the information gathered from DEPT ВС 
spectra and the molecular formula leads us to the conclusion that X is diethyl malonate. 
The assignments are 


—— (а) 8142 

(с) (с) ® 5416 
or o Oy vo^ Ne () 8613 
(d) 8166.7 


17.48 The very low hydrogen content of the molecular formula of Y (CgH403) indicates that Y 
is highly unsaturated. That Y dissolves slowly in warm aqueous NaHCO; suggests that Y 
is a carboxylic acid anhydride that hydrolyzes and dissolves because it forms a carboxylate 


salt: 
о 
p p 
rA NaHCO, R oya 
Rag НО, heat Д 
Qv. 
О 
о 
| В” Го ма" 
(insoluble) (soluble) 


The infrared absorption peaks at 1779 and 1854 ст”! are consistent with those of an 
aromatic carboxylic anhydride (Figure 17.2). 

That only four signals appear in the С spectrum of Y indicates a high degree of 
symmetry for Y. Three of the signals occur in the aromatic region (ô 120 - 5 140) and one 
signal is downfield (6 162) 
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These signals and the information from the DEPT C NMR spectra lead ust oconclude 
that Y is phthalic anhydride. The assignments are 


a 
© Qe) (d) 
n (a) 8125 
(b) 8130 
о (с) 8 136 
Y (d) 8 162 


7. АА 
Z is phthalic acid and AA is ethyl hydrogen phthalate. 


Challenge Problems 
17.49 (a) Ethyl acetate (b) Acetic anhydride (c) N-Ethylacetamide. 
17.50 Inthefirst instance, nucleophilic attack by the amine occurs preferentially at the less hindered 


carbon of the formyl group. (Recall that aldehydes are more reactive than ketones toward 
о 


nucleophiles forthe same reason.) Іп the second case, Е o- is a better leaving group 


F F 
than H x^ o- since the former is the conjugate base of the stronger acid. 
\ 


H H 


д. Хи 
[9] о 
"CY -+ ЕТ. а. on 
AICI; Clemmensen 
се Se. Ж” ---- 
тиен M ^^v reduction 


SS 


cl CN 
KCN 
=> 
ges" e me. ДУ wer 
о. „ОН 
CN 
NaNH; H,0* 
Манн. наб. 
СНз heat 
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О О 
17.53 А = С = 
ОН 
ЖТ CN 
B = D= 
TAS 
(racemic) 


In the last step, HI/red P accomplishes both the reduction of —OH to—H and the hydrolysis 
of the nitrile function. 


17.54 (a) The signal at 6 193.8 is consistent with the carbonyl carbon of an aldehyde and shows 
that the PCC reaction produced cinnamaldehyde. 


(b) The signal at à 164.5 is consistent with the carbonyl carbon of a carboxylic acid, and 
suggests that the oxidation with K, CrO; in sulfuric acid produced cinnamic acid. 


QUIZ 


171 Which of the following would be the strongest acid? 
(a) Benzoic acid (b) 4-Nitrobenzoic acid (c) 4-Methylbenzoic acid 
(d) 4-Methoxybenzoic acid (e) 4-Ethylbenzoic acid 


17.2 Which of the following would yield ( S)-2-butanol? 


о 
ОН’, НО 
(а) (R)-2-Bromobutane + „А О Nat — > product аа 
еа 
ОН”, Н;О 
(b) (R)-2-Bromobutane 
heat 
он“, HO 


(c) (S)-2-Butyl acetate Кел 


(d) All of the above 
(e) None of the above 


17.3 Which reagent would serve as the basis for a simple chemical test to distinguish between 
hexanoic acid and hexanamide? 


(a) Cold dilute NaOH (b) Cold dilute NaHCO3 
(c) Cold concd H,S@, (d) More than one of these 
(e) None of these 
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17.4 Give an acceptable name for: 


о. „ОСН; 
NHCH; 


NO; 


17.5 Complete the following synthesis. 


CH, => 


C 
О (сњумн 
а + (СНз):МН›СІГ 
СІ 


р 


+ Сене 2 
ен 


H 
А 
+ CoHsNH Свн;—{ | 


О 
ita + съ Вон — + на 
qm 
heat 
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о 


А 
(с) (пуч NHs(xs) à пр ар 


P4010, heat 


B 
(1) DIBAL-H 
hexane, —78° C 
e 
(2) HO 


17.6 Which of these acids would undergo decarboxylation most readily? 


[9] [9] О 
Ре” (b) pu - 
[9] [9] 
(с) OH (d) AN Вн 
[9] 
о 
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REACTIONS AT THE a CARBON 
OF CARBONYL COMPOUNDS: 
ENOLS AND ENOLATES 


SOLUTIONS TO PROBLEMS 
18.1 Cr eg 
Cyclohexa-2,4-dien- 1 -one Phenol 
(keto form) (enol form) 


The enol form is aromatic, and it is therefore stabilized by the resonance energy of the 
benzene ring. 


о 
182 No. = does not have a hydrogen attached to its a-carbon atom 
ы 
= 


(which is a chirality center) and thus enol formation involving the chirality center is not 


[9] 
possible. With cia е the chirality center is a В carbon and thus enol 


formation does not affect it. 
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18.4 


18.5 


H H H 
cis-Decalone Protonation on trans-Decalone 
the bottom face 
o H o H 
H 
| 
H 
A large group is No bulky groups are 
axial in cis-decalone. axial in trans-decalone. 


The reaction is said to be “base promoted" because base is consumed as the reaction takes 
place. A catalyst is, by definition, not consumed. 


(a) The slow step in base-catalyzed racemization is the same as that in base-promoted 
halogenation-—the formation of an enolate anion. (Formation of an enolate anion from 
2-methy I-1-phenylbutan-1-one leads to racemization because the enolate anion is achiral. 
When it accepts a proton, it yields aracemic form.) The slow step in acid-catalyzed racem- 
ization is also the same as that іп acid-catalyzed halogenation-—the formation of an enol. 
(The enol, like the enolate anion, is achiral and tautomerizes to yield a racemic form of the 
ketone.) 


(b) According to the mechanism given, the slow step for acid-catalyzed iodination (forma- 
tion of the enol) is the same as that for acid-catalyzed bromination. Thus, we would expect 
both reactions to occur at the same rate. 


(c) Again, the slow step for both reactions (formation ofthe enolate anion) is the same, and 
consequently, both reactions take place at the same rate. 
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LDA, THF 6 
PE. Е. 
18.6 (а) 4 mud 
сњ Й 


{1 
о о O\Li* ои? 
(b) ла Br УРА 
Pw я я ТНЕ М Ж OCH, 


\ 


mo 27 
(СНуј 5! (CH3)3Si 


18.7 on working backward, 


n (1) dil. NaOH, heat 
жы OH (2) но" 
T sume cu 
es Soy 
as. JL. 
D ар. 
0 heat оо (1) OF, heat 
(b) Pi eae nes oH = 2) H,0" 
C6H5 
о о O 
(1) “ома 
OR 7, can Ан 
(2) NU Br 
C6H5 
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18.8 (а) Reactivity is the same as with any Sy2 reaction. With primary halides substitution is 
highly favored, with secondary halides elimination competes with substitution, and with 
tertiary halides elimination is the exclusive course of reaction. 


(b) Acetoacetic ester and 2-methylpropene (isobutylene) 
(c) Bromobenzene is unreactive to nucleophilic substitution. 


18.9 Thecarboxy] group thatis lost more readily is the one that is В to Ше keto group (cf. Section 
17.10 of the text). 


18.10 Working backward 


[9] о 
heat _ (1) ОНТ, НО, heat 
же------- 
Tol OH (2) ноғ 
=O 
СвН5 
О О 
WS 
(1 ONa 
NL E р кер е OFt 
о 
Да 


СН; 
18.11 Working backward 


(1) ОН”, НО, heat 
o 


О о о о 
pale is heat » 
=== 
C6H5 -СО; ОН (2) H,0+ 


сен “0 


0 о о 
(1) NaH 
«-------- 
ОЕ! (2) СвН5 c AA OEt 
сын “о а 
18.12 Working backward, 
[9] 
о heat OH ОН”, H20, heat 
SÉ ——— —Ó———ÓÓ 
(a) Қым т OH (2) 0" 
OH СО; 3 
О 
о ЕО 
ОЕ а) Тома о 
ОЕ (2) же Вг о 
о ЕО 
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HO 
о heat О (он, H5O, heat 
b) < ш = == 
| dd -со, о Фо 
HO 
EtO EtO 
а ме o 
чч — 
| А E 
EtO OK EtO 
EtO 
(1) « “Ома о 
(0) “2 Вг e 
EtO 
heat HO (1) ОН”, НО, heat 
== =, О ------:---- 
s) OH -СО; (2) що" 
о 
HO 
BOO. о Eto 
(D ona о 
Во —————— 
2 B 
т г о 
EtO Ее 
CN 
Ва + ОЕ! base CN 
isis 5 amm ORt 
(0) 
о 
Юе „ heat MOB heat > heat 
“со, нон _ Рамна 77 
(2) но” 
Valproic acid 
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18.14 These syntheses are easier to see if we work backward. 


"a 


Aye + но сі p 
(а) | См 


ОЕ! о б 
(1) Вг N = g 
я о = HN 
““-..---:..-.--- 
@ оно НА, но 
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18.15 (a) о о о о о 
шы AH HRS A " A 
3 
“о „ 2 “о Ж сн; “о Ж нас CH; 
H H 
3 


u e 
4 1 3 2 
о HH нн 
(с) H H А а 
ee. c А. 
4 3 1 2 


18.16 Abstraction of an а hydrogen at the ring junction yields an enolate anion that can then 
accept a proton to form either trans-1-decalone or cis-1-decalone. Since trans-1-decalone 
is more stable, it predominates at equilibrium. 


[9] Юг 
H 
А:- Y 
ену 
H 
О 
н 
+ 
H H 
(95%) (5%) 
trans- 1-Decalone cis-1-Decalone 
(more stable) (less stable) 


18.17 Ina polar solvent, such as water, the keto formis stabilized by solvation. Whenthe interaction 
with the solvent becomes minimal, the enol form achieves stability by internal hydrogen 


bonding. 
г. E 
I 
18.18 (a) pw айты 
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[9] о [9] Br 
(b) Во, "и 
ee 


Br Br 
O 
ВС ir escam m (excess), NaOH 
(63) ENS О. О ке 
H 

Фе” “о аё о“ | 

оно 0” но ZA о 

О 


_ gee. lz, МОН OH 
(2) ~ono 


au A. "-— о 


18.19 (а) = | = 


Вг 
HBr + 
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H 
рио 
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279 
о о M 
О ji ү + OH - 
(d) 0-52 --2- o a ido 
|| о. > CH; 
носну 
4 
H3C_ ГЕ H HCE) Ha, 
OH to^ 
т. 15 сбн T он 
* УН с. 
| ELIT S ——— о 
осн; CH3 CH3 
| — 
m нА сн; ғ > 
qu % Кй о 
H 
о A о P 
о —— + CH30 
OCH; ОСН; OCH; 
о о " 
H~\76H 
18.20 ЛЕЕНЕ " 
е zm н Con + ТОН 
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( Jis "ies ( fi» 
ghe Os ty 
= | 
Ари А 2 
| xd zt. 
€, 
DO — "e H 


Es М var 


о о о 
р р р р ( 90 D D л 
р Е = D L 
| H Pop 
44 р р уз 
4 D D 
о 
р р 
Repeat last two steps х 2 
D 6 
E D 
"вв 
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[0] O 
P 
е) ax. 
С Кон Qs M № 
РРА 


» 
а ЖА 
o J Li+ о о 
Or У-У 
AT 1-_ CH; 


SUMMARY OF ACETOACETIC ESTER AND MALONIC ESTER SYNTHESES 


A. Acetoacetic Ester Synthesis 


о о о О 
AA DB ег зи 
M ~ ----» 
он (RX Axon (RX 


ЕН 
и 7 (1) ОН”, Н;О "» 9 о 
3 - 2 heat R' 
OEt (2) НО OH -C02 
ЕЕ R К R 
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B. Malonic Ester Synthesis 


(фон HO _ + 7 
бо нот 7 ма та OH 


Acetoacetic Ester and Malonic Ester Syntheses 


о О 
1) ома P 
(1) 
18.21 (a) po ua: стила сума 


о О 
ок 
ia OEt 


(2) Mel 
о №9 
НЫ or ers (ШАНА _ d. o РВ; 
OO OEt OH —> 
HA HO 
оо 0 
B (1) Mg 
P HG 
о. О о о 
6) Да (0) Тома (1) OH", H;O, heat 
—— y URS ERES AER, 
MER & ГЕ. OEt (2) H,0* 
о O 


"AE (1) ома 8 о (1) ОН“, НО, heat 
ве — > 
(c) pe di да OEt (2)H,0* 
Br 
о O о 
О 
OH heat 
= 
–с0; 
о 
о 
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пи (у ока вер (1) ОН“, Н2О, heat 
—————- > 
(d) po om о OEt (2) НО" 
D Br А ов OEt 
о 
о о 
о OH 
OH heat NaBH 
кен. on Nen. OH 
OH -со, 
О о 
о 
ME ау Тома Q) LIAIH4 _ OH 
(e) 2а ar и маша (2) H30* ма. 
он он 
NaBH, 
(f) Compare ДД е 
Problem 18.11 C6H5 а 
о о о 
m OEt (1) Сома ОБЕ (1) P OEt 
18.22 (a 
ов (2 Св og ©) Ма OEt 
О 
о 
о 
(1) ОН”, H50, heat OH heat 
— —> OH 
(2) но" он 29 
о 


о 
(LAI, _ 
b) yw ©) Quo > ун 
[from Problem 18.12 (c)] 


о 


(с) OEt (1) ЧАШУ OH 
чаена Te шы 
ОЕ! (2) H30 ud d. 
OH 
о 


[from (a) above] 
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heat OH (1) МАНА OH 
> SOR gt 
Бек" ноу Q) но HO 


о (1) NaOCH3, СНҘОН О 


(2) 

18.23 (а) Ow Br 
Lr 
(3) НСІ, НО, heat 


© о 


l 
CH; 


[9] [9] [9] 
“eS OH heat 
"T ED EM 
[> } 
HO ^O HO о 


18.24 The following reaction took place: 


О О pe 
pw wm ата ты LON, Bo Вг 


о 


ЕКО 05 EtO о 
„она / за / 
~ 2 г 4 
OH о [9] 
Perkin's ester 


П)он-,но,ми НО /-9 


_—— т a 
(2) О? d 
Perkin's acid 
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18.25 (а) Bri p. + 


о 
в: он dion i той 


% (0) 
OEt (1) ОН”, НО, heat pk 
— —<++———. 
OEt (2) но” OH 
(3) heat.-CO, 
о 


0) О 


+ Br Br --- 
(b) sage а 


Nat 
о о 
EtO OEt 
EtO OEt 
О о 
А 
О О 
(1)2 Na | EtO eee „Тома 
(2) Во ЕЮ ОЕ! 
О 
fy” HO OH 
AT. пса, - 
(2) Hy One 5 ETT со; 
Eto s i OH 
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beu; 


HO b 
TE. form Meso US" 
Nis ФЕ! О 
OEt он 
(c) Bre ТЫ ы — — Br ОБ 
[9] 
о о 
P" OEt (jj OH~.H20 OH 
----- ЕСТЕ л 
ОБ (2) НО 
(3) heat, -CO; 
[9] 
о о 
о [9] 
18.26 (a РТ тал» R 
(a) m о қыр о жы. (1) ONa о о 


Обича 


(1) NaOH қ 
(2) H30* ог H30 


о 
heat 
МЕ ӨН -—— — — — — HO OH 
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0) о 
b eS me 
( LN cm а) ^" ONa das 
Q8 A. A rae 


(1) NaOH 
(2) но" ог а 


о О о О 
(c) pw реч том | or ~ 
LG 


(1) NaOH 
(2) H4O* or Но” 


ЗА У. x LES OH 
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о О 
о О 
а Pw (1) “ома a: 0^7 
УСКИ 81 
(1) Маон 
(2)H,0+ or H,Ot 
о о о О 
MeOH, H2504 heat 
OCH3 OH ~———— HO OH 
(1) LDA 
(2) Сну 
O—CH; 
о 
О О о © 
P d 
(e) pu ае а () GINE 9 = 
Q B 
(1) „Тома 
о) Br ^ Ph 
[6] О [9] О 


1) NaOH 
Ари A mot ог ЊО? Ао 


Q 1 о? 


heat 
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о (0) (0) [0] 
у N 
(f) 7 сүз ең a Ома > о“ 
0) A7 Br 
(D Хома 
(2) BrCHy 
о о о (умон о о 
heat он Ошо * 3 as, 
General Problems 
о [9] (0) 
(1) “ома 
Ж. ГЕ 
18.27 (a) ы GNE Bi = 
(3) H3O*, heat 
(1) “ona А 
(b) 1} ОД в 
es AA =“ > 
О [9] (3) Хома OH 


о 
od 
(5) H3O*, heat a oH 


а) “ома 


ОД. Мечев 
О ыы» TT 


(3) «Хома 
4) #27 Br | 
(5) H3O*, heat 


(1)LDA 


[9] 
| nd (2) CHa! 8-2 
(d) > 
о [9] 
Br NaOCHs(excess) | o 
(e) Br (2) H30*, heat 
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(1) HA (cat.) 
О сл“ е 
(f) в. + = 
(3) Нз0+ 
(1)LDA 
О о) О о 
A P 
»- 
(g) (3) Маосна 
(2) СНаВг 
о 
ms 
dii OEt о 
0 
18.28 p + НВг ——> Вг =m 
>” он 
/ 
Е с О 
о ОН 
(1) dil. NaOH | ға, (1) Li=H | ХА 
>- > 
(2) НВО“, (3) heat (2) но" 5% 
H I 
же 
Lindlys ^ (104100 
catalyst 
C Br 
EtO Це Eto 73 Eto 
18.29 Et ae a ONa Et 
EtO ы EtO EtO 
Br О 
Вг + 
(C10H |604) 
(Стон 17ВгО ц) 
о 
ОЕ! 
ок 
ДАМА OH HBr 
Quo 7 Ф 4- ~ ғ =a 
(C6H1205) о 
OEt 
ОЕ! 
О 
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о о 
І) OH , НО OH 
a) 2 heat же ^g + CO? 
(2) H,0* OH 
) J 
(СәН |20,4) (СЕН |202) 


(2) RLi Be c 
yO. Br + Ср ———3 сну “= КОН 


18.30 (a) СН; 


(b) Hydrolysis of the ether yields а hemiacetal that then goes оп to form an aldehyde. 


MO |, -N 


CH3O сњо 
[also (Z)] 


OCH oc 
+H,0 3 H3 
‘н.о ton, HA OH 
CH3O CH30 


(hemiacetal) 


(c) е Z9 PCH “Сосн; _ НА 
c + CH; (С6Н 53 --- === 


зон, 
“OCH; __ +90 OCH, _:A 
-———— 
-H;O HA 
OH о 


OCH; —CH30H H 
=== 
Ж +CH,0H 
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18.31 (a) The hydrogen atom that is added to the aldehyde carbon atom in the reduction must 
come from the other aldehyde rather than from the solvent. It must be transferred as a 
hydride ion and directly from molecule to molecule, since if it were ever a free species it 
would react immediately with the solvent. A possible mechanism is the following: 


ga [0] 
H T H РА H 
um — О-Н + он === 07 
.. kJ LONE: 


:0: о о 
во) 92 
H = H 
Then ОХ + H --- Cy" + Гү» 


(b) Although an aldol reaction occurs initially, the aldol reaction is reversible. The Canniz- 
zaro reaction, though slower, is irreversible. Eventually, all the product is in the form of the 
alcohol and the carboxylate ion. 


о 
9 МАЈН Ho Te Зар oof 
3 4 TsCl Kn dat 
ма H mE У base base 
HO 
/ / / 
A B 


о 


a Lewis = 
Acid » о 
o | о о a 
о 
р 


Multistriatin 


LibraryPirate 


REACTIONS AT THE а CARBON OF CARBONYL COMPOUNDS 443 


Spectroscopy 


18.33 (a) Compound U is ethyl phenyl ketone. (b) Compound V is benzyl methyl ketone: 


52.0 
и“ 1705 ст“! 
4—— —1690 ст“! 9 
27 —— 
—— | | 83.5 
53.0, 61.2 с 
e | 
87.7 U 874 у 
O OCH; 
1834 Ais 4 832 
т OCH3 
821 626 54.7 
L 
O Осн; NaOH CHI + 
ғаттан Ag(NH3))"OH™ 
no reaction 


о [9] О О 


u -%--” Ар} + o- 


Challenge Problem 


£ у 


18.35 TÍO—Si— —si У ва 
Б" | „Н 
С: OH б о 
> ^E H m 
H removal and 


hydride migration 
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Quiz 


18.1 What would be the major product of the following reaction? 
О 


+ Br + OH — 


О о Вг О 
Вг 
” Ж он 
© CYX T ond i gps 
ES E 
Br Br 


a 
(d) | | (e) None of these 
Su 


18.2 Supply formulas for the missing reagents and intermediates in the following synthesis. 


О А 
H | \ 
+ Ші; Ж N 
(-H50) 


18.3 Whatalkyl halide would be used in the malonic ester synthesis of 4-methylpentanoic acid? 


(а) ^. Вг (b) ЕА 
(c) "a (d) P 
(e) „Вг 
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18.4 Which is the preferred base f or the alkylation of a monoalkylacetoacetic ester? 


(a) NaOH (b) KOH 


(d) Bist 


(c) N OK 


(e) Mets 


18.5 To which of these can the haloform reaction be applied for the synthesis of a carboxylic 
acid? 


O 
(a) бы 3 (b) XC 
о 
in did 9 
(с) lo @) dn 


о 


№22 


/ 
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1 9 CONDENSATION AND CONJUGATE 


ADDITION REACTIONS OF CARBONYL 
COMPOUNDS: MORE CHEMISTRY OF 
ENOLATES 


SOLUTIONS TO PROBLEMS 


о 
19.1 (а) Step 1 
2 QUIE C e— Aon + но ~ 


| | 


C 0: 
Step 2 
MODA Е Фа. 
но 


"чад 
ог + A са 
о 0 оо 
Step 3 NS 
eos E > = „Аң + он 
| мімен 
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о о о 
(1) “ома 
- ә 
192 2 OEt (not e 
о о B 
da ig а А еш, em рғ 
(2) но" OH “со, 
о o 


19.3 (a) Cy OEt 


(b) To undergo a Dieckmann condensation, diethyl 1,5-pentanedioate would have to form 


a highly strained four-membered ring. 


о о 
19.4 СН; -ң p m сво Jl L^ 
ов + о === “Сов + он 
о 
О О 0) 
CoH sy „ла 274 
| tos * — #07; OEt 
ЕТО СН; 
о о а © 
Е — QNS 
ЕЮ А, + Мор — Bo” >< ort + OH 
Сен; С6Н5 
Resonance 
stabilized 
H30* Я 
— 
вю ов 
C6H5 
о 
о 
о Z^ 
ОБ (D ONa 
zs ~ OEt 
19.5 (а) M d @ io" E 
Ө о 
о 


О 
а) 
———————* 
(b) Pam T та чи (2) H,0* ары 
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о е ө 
О SS 
() 7 “Ома 
19.6 (а) "ЖР қақ айы H 
H^ сок 2 ЊО 
о 


b) г Е (0) “ома ФА 
о Ааа новото 
(2) H30 
OEt 2 


о 


о о 
а" 
(с) ЕЮ он ЕО (2) но” 


т 
p о -но о 
FE > Ж T d SS Ж + HA 
H 


2,6-Dimethylhepta-2,5- 
dien-4-one 


19.8 Drawing themolecules asthey will appear inthefinal product helps to visualize the necessary 
steps: 
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The two molecules that lead to mesitylence are shown as follows: 


CH; 
о This molecule (4-methylpent-3-en-2-one) is formed 
СН; by an acid-catal yzed condensation between two 
molecules of acetone as shown in the text. 


Hg" За н.с” Чен, 


The mechanism is, 


CH3 
СН; СНз о НА 
o= + HA "Best Е = 
сн; "| EN нс 
3 


CH3 


CH 
‚ CH; 3 
"Ue Ағ. но ~ 
| НА 2 
H A CH3 CH3 
CH; + CH 
Ғы А > HO -H20 
a ly ~ EE 
H СНз Ж-“сн H3C Сн. CH; 
A ) . Ch CH; HO CH; 
HO 
Ho W al L——- Ну --- 
N 
нус” ~“ сна HC d CH; ње ©н; 
+ 
H)O~, CH CH3 
HA 
-H0 
„В. E + HA 
НЗС CH3 Н.С CH; 
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REP + но 


a 
19.9 (а) H = 
О 


у“ вы 


:0: о OH O 


о 


(b) То form Ca isa s ‚ a hydroxide ion would have to remove a В proton 
H 


OH 
in the first step. This does not happen because the anion that would be produced, 
H 


E le , cannot be stabilized by resonance. 


о 


ons 


[both (E) and (Z)] 


[9] OH O 
Е он“ 
19.10 (a) 2 оа та" и 
О 
(b) Product of (a) = < H (1) LiAIH4, ЕБО 
+ (2) но 
KCE) + (2) 
Манди 
КЕ) + (2) 
н, OH 
(c) Product of (b) ae 
pressure 
NaBH, on 
(d) Product of (a) ---- 
OH 
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OH 
19.11 
cuu 
СиНцо 
О о 
s н ов, H 
— 
Pd-C 


C 14H 180 Lily aldehyde (C14H 90) 


19.12 Three successive aldol additions occur. 


First о 
Aldol З 
Addition жен "cH 


Second о 
Aldol + он ==== а а + во 
I 2 
Addition E E 
о о 
(ха 


is жа. ч — 
ин нос Н НО Н 


+ OH 
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о о 
Third _ 
Aldol НО H = но” ^Y H 
Addition SARON „д 
OH OH 
о 
о 2 
HO H 
Ew но н 
H 
о 
OH HO 07 
HO H + во HO H + он 
HO о" HO OH 
H 
О о +o 
19.13 (a) 2 3%» BS, LLL: 
p — P 
о 
Ж n3 tics 
(ун + | === | — 
+6 
Pseudoionone 
OH 
О 


gee 
о-Іопопе ОД 
OH 
хе 
(b) In В-юпопе both double bonds and the carbonyl group are conjugated; thus it is more 
stable. 


(c) B-Ionone, because it is a fully conjugated unsaturated system. 
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19.14 (а) :—==№ e =<=К 
Sch 
9 
(b) —=N Г —RN: «<-> =C=N | + “он 
до» ме к 
> ~. 
H = 7 Тон 
+ :— м: —> 
OH | ZN 
>“: _ - 
heat 
20” + (2) 


о O-Li* О о OH 


19.15 (а) LDA EN "as x^ 
(2) H20 ; 


Kinetic enolate 


[0] 
o (сен < о OH 


453 


LDA, H ao 
—r ———— P 
— У (2) Н;0 C6H5 


Kinetic enolate 
O Lit о OH 


та 
с) SA am, Y^ nA Бала 


Kinetic enolate 
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о [9] 
Л [^g 
TM ғаз тата OH- и i 
EL ЦУ — 
[9] 
OH 
——- -- > | 
о о 
О О б 
Oa our DAH 
- > -——- 
[9] о 
+ 9 он 9 О 
н.о -m0 
H ——» H H 
Т Н 
“о о 
19.17 (a) бтн? бп (с) 
о 


Notice that starting compounds аге drawn so as to indicate which atoms are involved in the 
cyclization reaction. 


19.18 It is necessary for conditions to favor the intramolecular reaction rather than the inter- 
molecular one. One way to create these conditions is to use very dilute solutions when we 
carry out the reaction. When the concentration of the compound to be cyclized is very low 
(i.e., when we use what we call a “high dilution technique"), the probability is greater that 
one end of a molecule will react with the other end of that same molecule rather than with 
a different molecule. 
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1919 (а) ae Ak. 
C6H5 НА C6H5; ~- 


О 


" и 
feel? веч ДД. 
Cdi; МЕ + са ~ сан сен; Сен; 


о СеН5 О 
СН C6H5 
н H 
ТАС A 
09 x 
HA 
x [0] 
эр а о 
(7 + сн ~ СвН; ——— 
C6H5 C6H5 
до | НА 
[9] 
СеН5 C6H5 
О 
о S o7 
T QU MER 2 conjugate H 
19.20 HjN—NH3; + HO = м-н 
addition -NH2 ^ 
N м \ 
| | H 
H H 
OH 
| ( но ( \ 
--- ра p Y 
H H 
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19.21 (a) H + OH === 


(b) 2-Methylcyclohexane-1,3-dione is more acidic because its enolate ion is stabilized by 
an additional resonance structure. 


ŽA -X - С 
PY rw 
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H Me 
“НА aJ 
19.22 (а) )-o + MeNH === CH—NS + HO 
H Me 
H 
K e 
9 о) сн 25 © 
=й Ме NMe2 
+АГ, -HA 
E +HA 
(b) =o + н-м) = см) + во 
H LH 
9) 
dii -- С 2 
= ai — 
EN +АГ, -НА 


H Me 
+ / 
(с) )-o + Ме мн CH;—N + Њо 
У 
H Me 
H + H 
- Ее 
ж. Ме c ж pene Ф 
Р кме № 
+ CH;—N. — M : 
Me 
CH CH; 
OH OH 
NM repetition МЕН - 
ы: of sirnilar e2 #2 
steps 
СНз СН; 
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Problems 
Claisen Condensation Reactions 
о О 
ON E 
19.23 (a) "PR ns "AP „ж o^ 
OH 
о 
о о J О 
en 
(b) кн ең + о Ом, o ~ 
он 
[0] 
[9] О О 
eS M Wm UN 
(c) «ы, A ж. ONa 
OH 
О 
Pans 
(d) PP + = СЧА ONa o^ ~ 
OH 
Ө" © 


О Oo 
„ома ey о 
(f) Ева 
он 
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19.24 Working backward 


о о о 
"ww (1) ОН“, НО, heat 
(a) heat OH =~ 


———— + 
“со; (2) НО 
оо о 
ОМ (^ Тома — — 
—-———— 
(2) но” 
О НА [9] 
(b) OEt = Pict АВ 
он 
О © 
О 
һезї OH (1) ОН”, НО, heat 
-CO; © ж (2) H0* 
ОН 


о 
О ae » 
(1) вю 
о , ZN 


OEt Ao 
o (2) но” 
О Жж 
OEt 
о 
O, H 
а) H^ Тов, “ома е ay 
с — 
e) OEt — (2)H40* x 
C6H5 о 
о 
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олш PN 


соз | Jk „а : 


OCH 
bling i 


No alpha hydrogen so 
retro aldol reaction 
takes place. Goes back 
to starting material. 


19.26 
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The Claisen condensation is reversible. The driving force for this reaction is the deproto- 
nation of the alpha hydrogen in the product between the two carbonyls. This deprotonation 
prevents the reaction from reversing, pulling the product out of the equilbrium. 


pr 
— dx 


Molecule can not undergo retro 


о 
"UO 
Claisen in deprotonated form. 


uh 


19.27 Intramolecular cyclization (which would give a product of formula СбНзОз) is not fa- 
vored because of ring strain. The formula of the product actually obtained suggests a 
1:1 intermolecular reaction: 


OEt O 
О 
О 
ош 7 Сом „ "m 
2 EtO EtO 
о 
(0) [9] 
(0) [9] 
Ж 
Ома за 

во. A 

о О 
СоН 1606 


19.28 The synthesis actually involves two sequential Claisen condensations, with ethyl acetate 
serving as the source of the carbanionic species. 


О (0) О 
ОЕ! " (0) Е OEt 
Na 
OEt — OEt 
ina 
[0] О 
not isolated 
O 
NaH 
—— 
о 
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19.30 А gamma hydrogen is abstracted by base (as is an alpha hydrogen in the usual Claisen) to 
give a resonance-stabilized species: 


о :0:7 
НЗ Ecos LI mv 


Ethyl crotonate differs from ethyl acetate by -CH=CH-, a vinyl group. The transmis- 
sion of the stabilizing effect of the -СООС;Н; group 15 an example of the principle of 


vinylogy. = 
Ale үй 
Я Б 
ro OO — И бын + EtOH 
о 
„ДУ on 
С 


о Ж J 
OEt 
EtO ~ >) > 
TO ОЕ 9 
KÖT | 
9 Ун А ОЕ 
> OEt ge ye t + нон 
ЕО ЖА B б ща 
О 02 
(0) 
ОЕ 
Et о S Ay 
Ó Ó 


LibraryPirate 


CONDENSATION AND CONJUGATE ADDITION REACTIONS 463 


19.32 


The two-stage reaction involves a reverse Dieckmann condensation followed by a forward 
Dieckmann using a different enolate. The original enolate cannot lead back to the starting 
material since the crucial o-hydrogen is lacking. 


ü о ЕЮ”) 07 
д i^ oi 9 Нм МН, ия | 
OEt “ома ОЕ! “ока о N 
H 


Aldol Reactions 


(a) 2 Ay H NaOH AX H 


о OH о 
(b) m H H H NaOH Ха 
ТТ =” 
О О он O 
О 
О 
" NaOH М 
Б н + = 
(с) | Py њо Боз 
„е 
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О о о 
(е) te Ва же 
но 


ГӘ 
о H 
OH OH 
19.34 H OH 
H H 
OH 
0 о 
1 2 3 4 


о (0) 
О 
A " SS 
19.35 (a) ү Ж fue шон” yk 


а о 
H | \ дон # N 
(b) Er А ашон ne 
-" 1 
о 


о 


Аалы А. NO; 
ӨС има СУТ 
> 2 
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d Фон А он (1) a ЕЬО 
е omo `” 
OH 


О 
base > ЕН 
(е) + CH4CN --->- 
CH30 СНО 
[9] H 
[9] 
(f) Res dil OH- heat 
-- > —== » 
H Sec 
OH 
о Н OR 
en АВА, LOGO ZF on 


(2) Н20 
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(e) Е 


о 
< 
19.37 (а) зе 


(b) 
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(h) | 


(1) 03 base 
— — r 
(2) Ме;5 (aldol 
condensation) 
[9] 
О 
(1) 03 base 
— > 
Mes = Меҙ5 (aldol 
condensation) 
(1) OsO4 | HIO4 
---- > 
(2) МаН$Оз (Section 22.6D) 


base 
— r 
(aldol condensation) 


~ 
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+ 
= М 
още Rad 
(d) ci aldol condensation) condensation) 
| 


19.38 (a) The conjugate base is a hybrid of the following structures (cf. Rev. Prob. 19.30): 


[o О ог 
ара а <- > p Зы <- > AA 
у 


This structure is especially 
stable because the negative 
charge is on the oxygen atom. 


о 
(b) ~ рана У 
НА 
0* о 
ы би S wg 
о” о OH 
“АТ 
о 
-во гащи. 
| 
М 24 


LibraryPirate 


468 CONDENSATION AND CONJUGATE ADDITION REACTIONS 


о 


БА аы 9 
19.39 Да Е Ae 


19.40 This difference in behavior indicates that, for acetaldehyde, the capture of a proton from 
the solvent (the reverse of the reaction by which the enolate anion is formed) occurs much 
more slowly than the attack by the enolate anion on another molecule. 

When acetone is used, the equilibrium for the formation of the enolate anion is unfavor- 
able, but more importantly, enolate attack on another acetone molecule is disfavored due to 
steric hindrance. Here proton capture (actually deuteron capture) competes very well with 
the aldol reaction. 
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Conjugate Addition Reactions 


о о 
ОЕ! ОЕ! 
19.41 (a) p ge = & “чай 
OEt OEt 
о о 
o~ о оо 
РЕ. с uS 
an OH + .. — вю Qt 
685 C NN 
OEt сен > 
5 
d OEt 
о о о O 
EO "Y^ OE над ЕО OEt 
рин. [е] Аы о 
СН; ОЕ! C6H5 OEt 
Ох Н Өг 
х ok Ё 
(b снзмно + OMe мм. > ~ome 
H 
0 о 
о m 
CH3 PW ый ОМе 
у OMe CEN OMe 
H о 
о 
РЕР. 9 
base £x OMe OMe 
——- CH- = ——— ------- 
сет 3 -—— көт. Come 
= А 
А 50 
о 
OMe 
CH3-N о 
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о о- 
ове + “о 


ЕЮ ont [ff “ең 


(с) вю ОЕ! 
о 


gF 
DO EDU 
OEt 
tO OEt м OEt + a sro gd 
о 0 


The Michael reaction is reversible, and Ше reaction just given is ап example of a reverse 
Michael reaction. 


19.42 Two reactions take place. The first is a reaction called the Knoevenagel condensation, 
initiated by attack of the conjugate base of the dicarbonyl compound on the ketone, 


[9] 
R 
base | 
таро” R 
[9] 


Then the a, UE diketone reacts with a second mole of the active methylene 
compound in a Michael addition. 


в 
di 2 Ó Ó 
19.43 Ls Le bye 
OH- 
——— 
Сен; Сен; о” 
—> 
о о 5 Co 
СеН5 а Gus | (Сен; 
N H 
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19.44 There are two stages to the reaction. The initial Michael addition is followed by the re- 
action of an enolate with an ester carbonyl to form a diketone (in equilibrium with an 


1 form). 
enol form) о 
H 
„Тома (1) 7 Тома 5 
2 тоюы 2 
о (2) НСІ 
OEt 
О о 
Eto” то Eto’ То 
о 
u OH 
[0] 
Eto” О 
Another (less likely) possibility is the formation of a seven-membered ring. 
О о OH 
Ж \ "us 
o v ӘН == о 
о о [0] 
07 сок O° сок O° сове 
General Problems 
19.45 (а) Br о но“ 
NaOH 7 
о 
NaOH, НО 


eal 


О О 
(b) 5 М ма NaOH, H20 О 
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о :02 о Зи 
Xy КОН 
ee 
& OH OH 
Repeat aldol reaction on other side; 
| same steps as above 
HO—H ~ :0: 
o Ve 
4 
H 
о 


(D Хома, С ОН 


O О (2) о 
Е ЖЕЛ, ае 


(3) НСІ, Н2® (workup) 
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Ооо 
H EN H 
(b) (1) LDA +. 
о D о ее о 
а) «Хома, “он 
о о (2) H20, НСІ (workup) о 
"Ро А (3) NaOH 
ANO ау Тв: 
(с) > 
о 


а) “ома, Тон 


о о (2) ae о о 
| о “Озы V В, 
(d) @ њо" 
| О 


(1)1; (excess), NaOH, НО 
(a) (2) НСІ, H,O OH 
----------------5- 


о О о 
H > кон, но, ~ ~OH 
„Сот. Ce 65060 
H 
Ó о О 
о 
о јава 
KOH, H0, он 
(с) [E | | 


(1) LDA (1.1 equiv) 
0 (2) O [9] OH 


(d) H 
{3) НСІ, H20 
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о 
19.49 (CH Mal _ Er -g 
мало” ep" омев 7 


О О 


OH 
OH 


ЕРЕ Е Б НО oe 


о 


19.50 (а) y € 


(c) СНЗОН, НА 


(е) and (f) OMe 
о 
(о) ОН-, H20, then НзО+ 


(i) СНЗОН, НА 


(К) H2, Pt 
(m) 2 NaNH, + 2 СНУ 


LibraryPirate 


pyridine 


and 


Queen substance 


н; € Ww WT (1) L/ NaOH 
zd A OH » 


(2) но” 


о О 
Е 


(b) КМпО4, ОН“, then H30* 


(d) СНзОМа, then H,0+ 
MeO 


О [9] 
OMe 


(h) heat (CCO;) 


() MeO 


O" ^oMe 
(1) CH3ONa, then H3O* 
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о о о 
Р" “А, Mannich reaction "UH 
19.51 C6H5 +H “H+ HN(CH35 * um * C6H5 Y 


о 
‚УР 5 
(1) Da С6Н5 „CH3 2 
(2) (HO М 
о 


СНз 
б о Darvon 
ek 
52 EtO c di: EtO > 2 
19.52 о aps 
Eto ЕО 
О о 


[^v а 3 
EtO OEt 
о (0) 
= о 
но d 
о 
О (OH 
e = 
(2) но" 
(hydrolysis апа 
decarboxylation) о 
о OH | 
ЕО 


д 
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OEt OEt 
а ee HO. ОЕ! 
19.53 #,804 A 
------Э- —— 
о о alg о 


(1) *A:;-HA 
(2) HA 


О 


L О о В о 
+ Cl === C 
R "Ме а OEt к42< ок | > ir Esel ga 
о 
R' о 
(b) Decarboxylation of the epoxy acid gives an enolate anion which, on protonation, gives 
an aldehyde. 
R' о R' M 
-СО; R 
Аа „$ сил —= ж. -->- кез 
к O—H mal 
О Кој :8 Е' 
+ 
CsHsNH 
; H о о 
(с с 
| х о "N "NS о OEt 
< “ома 
В-Топопе 
о 
(1) OH, H20 у < es С НМ, heat 
(2) H30° Y 2 -C07 
a S 
чы ы Н а | = жан 
- + Сан | 
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о 8 я 
о о 
19.55 (а) Сү + -— а" "e pg Сур“ 
+ 


о 


қайы 


О о О 
СЛ». A А. ey 
(b) : E P 
cl cl 
о 


Spectroscopy 


19.56 (а) In simple addition, the carbonyl peak (1665-1780-cm7 region) does not appear in the 
product; in conjugate addition, it does. 
(b) As the reaction takes place, the long-wavelengthabsorption arising from the conjugated 
system should disappear, One could follow the rate of the reaction by following the rate at 
which this absorption peak disappears. 
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о 
н, н е 
19.58 (а) Е таг абу де -— Ba didi did = 
о 62 о Ter 


о 


ZO 
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о 4 70 :05, Ох 
(b) cel „о <> 


~ H --- у — 
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OH о 
19.59 (ab) рее т, di Lad 
о ve 


ОА Ол ХОД 
е саа: | 


| -С4НаМ й 
e 
A о 
о О e at H 0 о " 
йк э OO oe 
A 
Br Br 
19.60 HO COOH HO COOH 
Mannich сн; 
— 5% 
reaction 
Br CH, Br 
OH OH 
B C 
HO. COOH 
Hydrogenolysis 
—— 
СН; 
OH 
D 


Quiz 


19.1 Which hydrogen atoms in the following ester are most acidic? 


[9] о 
а b | с | а е 
EH, СН бч--с--оено- en, 


(а) а (b & (с) с (d) d (e) e 
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19.2 What would be the product of the following reaction? 


о 
"-—1 а) “ома 
—————— 
о о о 
(а) t guo ES (b) ToS 
о 
o о о 
d OEt 
(c) Аа (d) нж 
о 
о о 
(е) 
OEt 


19.3 What starting materials could be used іп a crossed Claisen condensation to prepare the 


following compound? 
о о 
ЕО 
OEt 
[0] 


(0) о о о 
ш Аға ss таза“ Ў за. я af а 
о 
О о 
(b) aereo and - pape (e) More than one of the above 


О 
О О 


в be ea за ТАСЫ 
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19.4 Supply the missing reagents, intermediates, and products. 


(1) «Хома 


О о 
од • C ши 
OFt so on (2) mot (- on) 


3 
жс а) ОН”, H20 
— 
(-KI) 2) НО" 
D E 
heat 
к=» 
СО, 
А 
N 
о un e 27 
(b) + -rA 
e А MoH 
7 о о B 
= -- PE — ч 
| ОВ oro E он 
55 С О 
с 
(1) ОН”, HO heat OH 
До В шш д У --- 
(2) H30* -2 C02 OH 
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(c) б THF Lil) 
О 


НА 
(d) + — N 
(-H50) 


a 
о 


_ | i 
н.о > 


19.5 Supply formulas for the missing reagents and intermediates in the following synthesis. 


Қ (а) (b) 
o OH- -H20 
— — 
heat 
H 
(c) 
а 
CH3 
+ enantiomer and 


simple addition product 


3 
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19.6 Which would be formed in the following reaction? 


о о он 
2 
Big Sy зает 
H H 
OH о eH O OH O 
(b) (c) 
(a) Ети | аа аа. 
OH O 
(d) > e's (e) All ofthese will be formed. 
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19.8 Supply formulas for the missing reagents and intermediates in the following synthesis. 


(0) 
"e OH- NaBH, 
н 0-10°С ~ 


ки 


[also (2) 


АД он 
(2) " OCH; 
2 
ADL——— x 
Ni OCH3 
pressure — 


Iso (Z) 
њо" њо ымы 
(і) 
(h) 
OH O 
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PREPARATION AND REACTIONS OF AMINES 


A. Preparation 
1. Preparation via nucleophilic substitution reactions. 


маму, Тон ip Na/~ “он xe ais 
о 3 “or LiAIHy 2 
NH;NH 
"tm NHANH? 
Ву 
NH 
НЕ... CM R^ ^ NH; + (enn + Tul. method) 


2. Preparation through reduction of nitro compounds. 


о, Н> cat. or 


ТІЛІ Fe, HCI 
а (фон ” 


3. Preparation via reductive amination. 


р“ мн; 
Aldehyde or ketone 
Re JH 
R 
R"NH R" 
жы ye 
R H 
Re „H 
R 
R"R'"NH В" 
у в - "4 
в: [H] | 
R" 


486 
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4. Preparation of amines through reduction of amides, oximes, and nitriles. 
а H NH 
вв, СМ ROSS " = В а 


R 


R NH,OH Na/ethanol В. „А 
>-о ------->- NOH — —— XK 
в' в: R NH, 
О о === R, 
R (ПАН РШ 
R— МН LIE я N R 
2+ Ка Ж ч (2) но | 
| H 
H 
О О R 


1) ПА: 
wae J — № J QU EUER Ne 


R" cl N К" (2)H;O0 | 
R 
R' 
5. Preparation through the Hofmann rearrangement of amides. 
0 soc О NH 0 Bro/ NaOH 
ы ES Д. EX. ми TUA RNH> + CO; 
R^ Тон g^ ci R^ мно (Ово 
В. Reaction of Amines 
1. As a base or a nucleophile 
As a base 
ик „+ Le 
N: + H7O—H = N*-H+ HO 
52 | | 
H 
As a nucleophile in alkylation 
књ ја го а 
2N: + „>X — м +x 
/ R | R 
As a nucleophile in acylation 
х о [0] 
— №: + > 
/ ғ. (-HCI) won 
H | 
2. With nitrous acid 
HONO е sho % alkenes, 
R—NH —нх > R—NZzX — > R? —> alcohols, 
1" ulsphatio (unstable) andalkylhalides 
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CuCl > дан 
| CuBr „ ArBr М; 
ОСЫ, ArCN -- N 
HONO " Kl 
Ar — NH > Аг — № X = АП +N 
2 нх(0—5°С) 2 nt z AIF + 
1% aromatic 4 АМ ВЕ ай М + 
СірО ВЕ; 
a > АТОН + М; 
Cu”, Н2О 
но 
2 ArH + Му 
СУ = 
А ааа ons 
am 
» Ar м-н-/ Дума 
R,NH -HOND, RN—N=0 
2 aliphatic 
N =0 
| 
ArNHR —ONO, АМ—Е 


2° aromatic 


NaNO, „ИВИ + 
В.М = R;NH* Х + R3N—N=O X^ 
3° aliphatic 


HONO 
„у me у 


3° aromatic 


3. With sulfonyl chlorides 


OH 
R—NH + ArSO,Cl [iq RNHSO2Ar <= [RNSO;,Ar] + H20 
жыен H30 


J? amine 

R,NH+ArSO,Cl ————» R,NSO;Ar 
(-HCI) 

2* amine 
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4. The Hofmann elimination 


= + heat 
но“ + N(CH3) —— + (СНз); + НО 
H 


SOLUTIONS TO PROBLEMS 


20.1 Dissolve both compounds in diethyl ether and extract with aqueous НСІ. This procedure 
gives an ether layer that contains cyclohexane and an aqueous layer that contains hexyl- 
aminium chloride. Cyclohexane may then be recovered from the ether layer by distilla- 
tion. Hexylamine may be recovered from the aqueous layer by adding aqueous NaOH 
(to convert hexylaminium chloride to the hexylamine) and then by ether extraction and 
distillation. 


ах „М „Сә Н; 
(in diethyl ether) 
H,O°CT/H20 


ether layer aqueous layer 
де = 
CJ 22. 27%. 2МИЗ cr = ка е 2-5 У 
(extract into ether 
(evaporate ether and distill) 
and distill) 


20.2 Webegin by dissolving the mixture in a water-immiscible organic solvent such as СНС» 
or diethyl ether. Then, extractions with aqueous acids and bases allow us to separate the 
components. [We separate 4-methylphenol ( p-cresol) from benzoic acid by taking advantage 
of benzoic acid's solubility in the more weakly basic aqueous NaHCO;, whereas p-cresol 
requires the more strongly basic, aqueous NaOH.] 


LibraryPirate 


490 AMINES 


ос О 


сн; 
(in CH,Cl,) 
NaHCO;/H,0 
aqueous layer СН; СІ; layer 
LS 
|" NaOH, НО 
aqueous layer СНС layer 
my | 
O^Na* NH) 
Separate and 
recrystallize 
H3O'CI/H;6 
СН; aqueous layer СН2СЬ layer 


|, 
Y NH; СГ 
к O - 
Isolate by 
| OH" distillation 
СН; NH2 
Extract into СУ 
CHCl and distill 


Extract into 
CH2Cl» and distill 
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20.3 (а) Neglecting Kekulé forms of the ring, we can write the following resonance structures 
for the phthalimide anion. 


О: :0:- О: 
А 
Oe Сф — OO 
(b) Phthalimide is more acidic than benzamide because its anion is stabilized by resonance 


toa greater extent than the anion of benzamide. (Benzamide has only one carbonyl group 
attached to the nitrogen atom, and thus fewer resonance contributors are possible.) 


(c) Кин 
а о" NH,NH> н--о, нін, 
NH35NH5 4! 
N—R :N—R :N—R 
Oi 
о о 
NHNH> NHNH; 
~< = nu .. + 
"n ен Mug * NENH? 
о €I.. о 
Then, нйн, 
o о 
МНМН› NH 
NH—R ^7 Nu i 
So -0” “NHR 
о 
H 
N-H N^ 
| к= | + ЕМН» 
N-H Nw 
70 GNHDR Н 
+ 7 о 
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IN СвН5 Жан я сн МН; i | 
reflux Benzylamine -— 


i СЫН 
(b) pg А + Ce6HsNH2 p did ue и im 
5 


о 
LiBH4CN 


(c) Сена Н + (CH3);NH 
io (Снр CH3OH C6H5 


206 (а) Сена Он ^ 27 сен; а 


(d) Pam — Да a m 
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NO) NH) 
ТА Ies. E MA 
.7 (а) #2804 НСІ 
CH30 CH3O CH30 
NH 
ә о 2 
p" NH3,H; 
s 
(b) O S ON Ni 
CH30 m е: Ко) CH30 


CH; 
з с! Cl (Сњум |: 
(с) СІ а дама. ж-қ 
CH; СН 
(excess) 
БЕН (1) KMnO4, OH- LOW 
----- 
(2) H30* 
NH) 
Г NH, NH2 Br; LY 
--->- or 
ОМ 


(d) 


o 
~ 
= 
о 


Б (1) „ВА ERO _ ЕБО Me: 
M (Ho ^" Њо 


20.8 Ал amine acting as a base. 


a. A+ + “0: 
a А МН + H^ ^H 
H 
An amine acting as a nucleophile in an alkylation reaction. 
CH3 
ye у ie 


Е | 
sep ciue 7 и и 
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Anamine acting as a nucleophile in an acylation reaction. 
о 


ОЎ 
" © 
киін SL = ДО s enam cr 


(excess) el (СИМ 


An amino group acting as an activating group and as an ог ћо-рага director in electrophilic 
aromatic substitution. 


NH; NH2 


Br | Вг 
Во, 1:50) 
room temp. 


Br 
20.9 (a,b) -O—N—0O + ВО === HO—N-—O + НО 
но—к=о + ВО" === HO—N-—O + НО 


H 


+ + 
HO—N=O === во + МО 


(N(CH; b < сну *N(CH3)2 


(c) The NO ion is a weak electrophile. For it to react with an aromatic ring, the ring must 
have a powerful activating group such as —OH or —NR2. 


NO; 
m. (1) Fe, HCI, heat _ 
20.10 (a) == 5) nu ” 
cl 


МО; МО; NH; 
b Br (1) Fe, НСІ, heat 
(b) FeBry (2) ОН 
[from part (а) Bn Br 


LibraryPirate 


AMINES 495 


i e A 
(1) Fe. HCI, heat о 2" concd 
— ы» — > — c 
(2) ОН N | H2504 


[as in (a)] 
о О 
и фа 
~ it 
M" - 
МО; 
HNO; heat 
Е-е ILL 
(1) 57% Н,5О, 
(2) ОН 
SO3H SO3H 
[9] [9] 


LN 29 


NH? 
нхе; (1) H40* 
(d) =a rnc 
H250, (2) OH 
fi art 
шош ан] NO? NO; 


(plus a trace 


of ortho) 
гы. 
HNO; А (1) Fe, НСІ 0 
20.11 (a) Toluene ---- p-Nitrotoluene -- — > — > 
H2504 (+ o-nitrotoluene) (он 
CH3 CH3 
ай | HNO, (1) H,0* HONO _ 
тим ons uS d 
~ H5804 (2) OH (8-5*C) 
2“ N ші. 
wy Y 
О О 
CH; CH; 
НЗРО» (1) Ее, НСІ 
(-№) (2) OH- 
МО; NH2 
№ 
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CH; 
(b) CuCl 
СІ 
сн; 
(c) CuBr 
CH3 CH; 
Br 
HONO — CH; 
——— 
(0—59C) 
2 м (б!!! „ 
I 
СН; 
(е) CuCN 
~ 
К 
ka 
| 
NH) 
Br 
20.12 Bp 


di H3S0,/ NaNO, а CuBr 
(0-5*C) 
NO, 
Br 
ог Вг Cr 


Br 
Br 
Н, H;SO4NaNO; 
— 

Pt (9-5%С) 

МО; 
Вг 
Вг Вг 
H3P0; 
-N3 
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H3SO4/NaNO 
20.13 wos-( Jw иа Eee ноя-/ м 
SO3Na 


С мон 7 Puy 
pH 8-10 
Orange II 
HNO, 27 (1) Ее, HCI . HjS04NaNO; | 
20.14 2 | - 
5 H2504 A Q)H ^ OH су” 
N(CH3)2 N(CH3) 
Cy қ Ly 


pH 5-7 
Butter yellow 


NH 
A * _HxSO4/NaNOp _ “О 
20.15 "У | О ео ” 


о H 
"а A ^ 
АТ x CTI 
> ычу „Со 


С Phenacetin 
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20.16 (1) That A reacts with benzenesulfonyl chloride in aqueous K @H to give a clear solution, 
which on acidification yields a precipitate, shows that A is a primary amine. 


(2) That diazotization of A followed by treatment with 2-naphthol gives an intensely colored 
precipitate shows that A is a primary aromatic amine; that is, A is a substituted aniline. 


(3) Consideration of the molecular formula of A leadsus to conclude that A is a methylaniline 
(1.е., a toluidine). 


СіНом / \ 
—CgHgN = МН» 
CH3 сн == 
But is A, 2-methylaniline, 3-methylaniline, or 4-methylaniline? 


(4) This question is answered by the IR data. A single absorption peak in the 680-840 ст“ ! 
region at 815 cm is indicative of a para-substituted benzene. Thus, A is 4-methylaniline 
(p-toluidine). 


CH, 


А NH, 


20.17 First convert the sulfonamide to its anion, then alkylate the anion with an alkyl halide, then 
remove the —SO,C,Hs group by hydrolysis. For example, 


| 
= N ~ 
М OH Мы diia ^ 
R SO;C&Hs R ӨЙЫ = —— 
Ж” R' 
+ = 
м нр, Oh. ж. № ОЕ 
R SO,cgH, heat R H 
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20.18 (a) 


же 


Aniline 


(2) OH- 


(b) о 
N 
о $02 " AL. 
N S 
H 


Succinylsulfathiazole 


3 
сн; 
NH; 
oC) 
ie 


СН; 


7 
N 
20.19 (а) за 


(e) СУ с 
| 


H 
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H 
HOSO:CI 


(1) dil. НСІ, heat 
—— — 
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о 


eli 


SOCI 


NH» 


N 
zw 
H 


Sulfathiazole 


500 AMINES 


О 
> 27 OH 
(g) | (һ) | 
UM E 
T Br N 
H 
N 
(i) CES (j) CY T 
N 
\ 
H 
H 
| N 
(k) са ни ег e сн» 
CH3 1 
(m) НМ ОН (п) 
Пат. “жи 
CH; 
| 
N 
са 
СН 
(р) 3 
(0) 
| СН; 
H 


(q) СҮ (г) (CH;),N* OH- 
СНз — О 
г ОН ~ 
" T5 m CY CH; 
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20.20 (a) Propylamine (ог 1-ргорапатіпе) 
(b) N-Methylaniline 
(c) Isopropyltrimethylammonium iodide 
(d) 2-Methylaniline (o-toluidine) 
(e) 2-Methoxyaniline (or o-methoxyaniline) 
(f) Pyrazole 
(g) 2-Aminopyrimidine 


Amine Synthesis and Reactivity 


20.21 
oe 
27 
N 


sp3 hybridization stabilizes Alkyl groups are electron 


AMINES 


(h) Benzylaminium chloride 
(i) N,N-Dipropylaniline 

(j) Benzenesulfonamide 

(k) Methylaminium acetate 


(1) 3-Amino-1-propanol 
(or 3-aminopropan-1-01 ) 


(m) Purine 
(n) N-Methylpyrrole 


ESTA 


о» 


conjugate acid. donating, stabilizing aromaticity. 
conjugate acid. 


20.22 


+ ПАША (2) Н20 _ H20 


ы” 
шеді, 


+ NH3 = МН; 
(excess) 


( 


ед 
Ог: 
ie 


ro 


МН:МН Мн, , N H 
NH 
О 
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Lone pair is not involved in 


502 AMINES 


(d) 


(e) 


(f) 


(g) 


(c) 


OTs | NH, NH; 
(excess) 
о 
Ж” 
| Нама В МН: 
n Ni 
pressure 
> 
| NO? ү 3H, Pt NH? 
~ pressure 
NH 
edi | Br) NH; + CO- 
NN о OH 
NO МН, 
HNO; (Г) Fe, HCI, heat 
— 
H)SO, (2) он 
Br MgBr О. „ОН о. „с! 
Mg (1) CO; 5ОСІ; NH3 
— ———— A 
Et,0 (2) но” (excess) 
о. Мн; NH, 
Вг; 
ЕЕ ДУ 
NaOH 
Hofmann rearrangement 
0. „МН NH; 
—— 
он 
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NK 


РВгз 3 
2024. (Аро ӨН оце “оре надви 


о 


503 


Юд жы — AR. ме, АШ 


2) H20 
[from part (a)] (2) H2 


(c) М. „ж. „Өн 


(КМлОл,ОН" 
> 
(2)H,0* wa, 
(1) SOC, „Жы in 
—— 
(2) NH3 


H 
СН) МН N 
(d) OH PCC НО - а. 9 
Ққ” CHC жаа НМ > is 
pressure 
H о 
S 
МН о ~ 
(3, 
20.25 (a) Е че... 
NH3 о " 
"QOO = OO 
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N МН; 
2 HNO, (1) H3O*, НО 
С |] "P фон ^ 
м H,SO, (2) он 
[from part (a)] мо; МО; 
(+ trace of ortho) 
о о 
N N 
HOSO;CI (1) NH; 
и 
(d) EE (2) H40*, heat 
(3)OH^ 
[from part (a)] хөр ей 
Н Н 
Mi e 
NH? N 
2 СНз >” 
(е) Базе | 
EN 


ЗА 
N+ а с! 
CuCl 
(g) 
[from part (Е) 
мк” 1 
KI 
(i) 
[from part (f)] 
N 
|| о 
(1) H0*, H,O 
— > 
(k) (2) OH- 
[from part (j)] 
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[from part (f)] 


№+Х- 


e CuCN 
G) 


[from part (Ғ)) 


OH 


МН; 


SO2NH2 


ВЕЕ а. 
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ко X^ OH N+ XT 
СиО н;рФ; 
= — == 
(b сч?*, H,O (m) He б 
[from part (f)] [from part (f)] 


OH 
NX OH LY 
он- > “Ум 
(п) $ pH 8-10 


[from part (f )] [from part (1)] 


CH; 
х 
Not X7 N(CH3); LY ч. 
N 
> H30* Sy ~ 
+ си | pH 5-7 


[from part (f )] [from part (e)] 


(1) cat. HA 


5856 (2) NaBH;CN 


H 
(1) NaCN 
(2) ПАН, 
| ово __ 
МН» 
(i) NaN, 


(2) LiAIH4 
Eo a нзо+ 


NH; 
(1) МН2ОН, cat. HA 
(2) МаВНзСМ 


» 
о о 
Ші А. HN ~ 
"e (2) LiAIH4 


(3) НзО+ 


LibraryPirate 


506 AMINES 


20.27 NH, —HONO , NO. 
В а PER NaNO;/HCI [м] 
0-5°С 
hydrid 
ЕЕ” + m ты Г.Ж | 
( «кей | Ур | 
F4 
ыы” 
b HONO = 
(6) ( UNE тт оуна ( en ш N—O 
0-5%С 
J 
(с) (_ ае _HONO , 
9 ‘NaNOZHC! з Уыз 
0—5°С 
(4) Ow HONO д 
Хо? мамоунсі ” NES 
0--5°С 
РА HONO. 0-5°C |. 
H 
) а: Sn 2 - мона ^ №1 СГ 


" KOH М. 
2028 (а) УМН, + CeHs802Cl Apo У EI so, cua, 


Clear solution 


H4O* H 
—— 
РАМА 
5О:С6Н5 
Precipitate 
wes KOH „ч 
(b) "- + С6Н5$024 “во” ЕЕ uod: 
Precipitate 


но" No reaction 
> (precipitate remains) 
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BPH 


OČ on аха 


аа а 


НО“ Мо reaction 
{precipitate remains) 


"ыы .KOH, No reaction 
(a) Tiv 9, + 664550241 но НО (3* amine is insoluble) 


H,0+ NO Ren 
l m 


3? Amine и 


+ кон 
(е) LL За, > C&H5SO;CI ho” 
ii 
к^ 


Clear solution 


+ H 
ЊО N 
3 oN 


Precipitate 


(a) HONO N о 
ни с —N= 
20.29 N—H ^uxcyHa N 
KOH 
(D (б N—H«*CgHSO;C| но? < — N—SO;CgH; 
2 


$О2С6Н5 


$02С6Н5 
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о о 


20.30 (а) 27^ NH; + CH; Cl — с: са + 77 NH; СГ 
H + 


о (0) 
NHCH; 
(c) О -2CH;NH; — + 
O  H3NCH; 
о О 
о 
(d) [product of (c)] Дей, М-СН + H20 + CH3NH; 
о 


о о 
“ОС — С 
| о ОН 

H 
ol) "СЧ, NE C + Же 
l oN 


О 
О 
(g) 2 NH2 + ыты” (yx " 
H 


(yo cr 


LibraryPirate 


© + Br 
(excess) 


NH? 


20.31 HO > 
80; > 


qs 


[from part (a)] 


(1) Fe, на _ 
(2) он“ 


(фон ^ 


СН; 


1) Fe, HCI, heat 
Qu ` 


(c) 


NO, 
[from part (a)] 
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ы 


(DFe HCI _ 
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- д, 
19 


Separated МО, 


HONOL HBF4 heat 
0-5*С 


HONO, 


ont. 
"Ma 


СН; 
DW ы І 


CH; 


(1) HjSOJNaNO;, 6-5*C. 
(2) Си20, Си, НО 


OH 
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NH3 №+х- а! 
HCI/NaNO; са 
(d) 0-5°С 
(© с СІ 
[from Problem 20.10(a)] 
NO; NH3 
d fuming HNO, Fe, HCl, heat HCI/NaNO; 
— ————— ————M 
6) Н,5Оҙ, heat 0-59С 
NO; NH2 
№+ XT || 
о CuCN 
№ X^ SEN 
NH3 
SJ) Ee HG, best _ Fe, HCl, heat 
= gor ~ он“ 
Вг 
[from Problem 20.10{а)] 


(1) Н;804/МаМОҙ, 0-59С 
>- 


(2) CuCN 
Вг 
NO2 
„ЗОНЕ: NaNO) 
(5) t =a 
МН; 
[from Problem 20.10(4)) 
NO; 
H3PO; 
— 
Br Br Br Br 
NO; NH2 
(b) (1) Fe, НСІ, heat 
(2) ОН- 
Вг Вг Вг Вг 


[from part (g)] 
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МО; 
(1) SOREN ба И 0-59С (1) Ғе, НСІ, heat 
=— OL 
) св” (2) ОН- 
Вг Вг 
МН; 
[from part (g)] 
NH) 
Br i Br 
Br 
NH3 
) 
Br Br 
[from part (i)] 


NO; 
) (1) Н2504/МаМО», pue. 
(2) CuCN 
Br 


даа part (g)] 


(1) H3SO,/ NaNO;, © oo 
(2) Си;0, Си2+, H;O 


(D HSO NaNO, 090 _ 
бис 7 


Her, 


н; 
Pt 
Br Вг pressure 
(1) НО Мако, 0-5°C 
(2) HPO, P 
Br 


Br 
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МО; NO? 
а) (1) H,SO0,/NaNO;,€-5'C _ (1) Fe, НСІ, heat 
(2) KI ve (2)0H* 
Br Br Br Br 
МН? 1 
[from part (g)] 
NH) 


(1) Н;5О,/ NaNO}, @-5*C 
= 


(2) НРО; 
Вг Вг Вг Вг 
І І 
T 
HNO; | (1) Ее, HCL heat 
= а. H2504 (2) ен ~ 
CH; CH; 
Ф 
(1) HzSO4/NaNOz,@-5°C _ 
(2) CuCN 
Br Br 
NH2 МЮ X^ 
H3SO4/NaNO;, 0-5°С 
(n) _—_> ы 
CH; 
[from part (c)] 
„РН 8-10 
N 
LY Жыр 
CH; 
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A 
N? X CH; HO 
(о) [from part (c)] 
> 
CH pH 8-10 ы те 
from part (п 
[from part (n)] CH; 


20.32 (a) Benzylamine dissolves in dilute HCl at room temperature, 


NH N = 
2 + нзо++сг 256 с 


benzamide does not dissolve: 
o 


25°С 5 
NH, + НО + CI ———- Мо reaction 


(b) Allylamine reacts with (and decolorizes) bromine in carbon tetrachloride instantly, 
Br 

LOG Nm + Во cs, at nz ge 

propylamine does not: 


№ + B CCl4 No reaction if the mixture 
LOS 2 is not heated or irradiated 


(c) The Hinsberg test: 
Kt 
2 KOH әт 
== +  CgHsSO;CI ШО” H3C A уос 
2 


Soluble 


НО? " 
—— —- HC NHSO3C&Hs 


Precipitate 


KOH 
( yos + CeHSSO;d| ро” Бае 


CH; 
Precipitate 


+ а... 
H30 Precipitate 
а за ! 
remains 
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(d) The Hinsberg test: 
r+ 
за кон К 60" 
NH, + С6Н5502СІ - 0” №0266Н5 —— 
2 
Soluble 
(инока 
Precipitate 
{ | кон H30*  Precipitate 
N—H + C¢6HsSO,Cl но” М--50:С6Ң5 ---- remaina 


Precipitate 
(e) Pyridine dissolves in dilute HCI, 


Y Y 
/ М + НО“ + СГ ---> / N—H cr 


benzene does not: 


(У + НО + СГ ---- Noreaction 


(f) Aniline reacts with nitrous acid at 0-5°C to give a stable diazonium salt that couples 
with 2-naphthol, yielding an intensely colored azo compound. 


+ 


МН; № 
H,504/ NaNO, 2-naphthol 
УЫымЫ— — + 
0-59С 
HO 
М А © 
| - 


Cyclohexylamine reacts with nitrous acid at 0—5?C to yield a highly unstable diazonium 
salt—onethat decomposes so rapidly that the addition of 2-naphthol givesnoazo compound. 


H35804/NaNO; * — № 
NH2 = ee 7 № ---»- + ---- 


: 2-naphthol р 
alkenes, alcohols, and alkyl halides ——————> No reaction 
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(g) The Hinsberg test: 


( еч КОН 1 но” + 
SN + CeHsSO2Cl но” Noreaction ———> ( „КН 
Soluble 


KOH НО” Precipitate 
(мн + сен;ѕоза Е (и “мѕозсен; 439, "ерин 


Precipitate 


(h) Tripropylaminium chloride reacts with aqueous NaOH to give a water insoluble tertiary 
amine. 


(275), NH cr ИВО (es. N 
3 H,O 3 
Water soluble Water insoluble 


Tetrapropylammonium chloride does not react with aqueous NaOH (at room temperature), 
and the tetrapropylammonium ion remains in solution. 


(Sn ас — (^X ter or oH] 


Water soluble Water soluble 


(i) Tetrapropylammonium chloride dissolves in water to give aneutral solution. Tetrapropyl- 
ammonium hydroxide dissolves in water to give a strongly basic solution. 


20.33 Follow the procedure outlined in the answer to Problem 20.2. Toluene will show the same 
solubility behavior as benzene. 


Mechanisms 


© Vo Ы 
"(several steps) steps) 
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о о e 
42 н 4 СЪ Св №8" 
20.35 (а) | 7" ин ^ | 
H H H - 


H 
N Ol. Ny M NH, 
CT № H 36H —> СУ H — 
2 O 


CA cl 
^ EE AS 2 
Фа OT-Ot 
H - 
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20.36 Carry out the Hofmann reaction using a mixture of '5N labeled benzamide, CsHsCO*NH2, 
and p-chlorobenzamide. If the process is intramolecular, only labeled aniline, Сен "МН;, 
and p-chloroaniline, will be produced. 


If the process is one in which the migrating moiety truly separates from the re- 
mainder of the molecule, then, in addition to the two products mentioned above, there 
should be producedboth the unlabeled aniline and labeled p-chloroaniline, p-CICgH4*NH2. 


Note: When this experiment is actually carriedout, analysis of the reaction mixture by mass 
spectrometry shows that the process is intramolecular. 


General Synthesis 


[9] 
[9] 
+ NH OH 
20.37 О 3 (2) но” шалы 
о 
о 
ot 
Вгҙ, OH Fe H3 в таты” 
so HN 3 


2 PBr 2 (СНз); 
2038 (а) HOW “он ———»- Br “вг iu. uM 


+ + 
(CH3)3N~ КА NCH} 2 ве 


О 
(b) Agi a Br HA 
HO + 2 Сон C29) 
о 
[9] 
BRN AN N A 2 (CH3)3N 


о 


о 
- 
о 
COHN AA че (сну 2Br- 
о 
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20.39 о 


н 2 нм. JN. ONHABE 
TY ОТ "3n 
к. М. > Ве 

NH, Br N Br 
OH OH 


HCO; 
-(HBr) N - N Br -НВг 


OH 
H 
[0] 
H-N о gum 
2 b ndi N ме OH HBr felic 
| H acid 
~ » Св T HN о 
243 
Le 
OH 
20.4 + Сну С” а-ы = 
46 — 
> г но OH -Но 
N (Ма N 
| mi “ан me “CH; 
CH3 i Т 
R 5 
| сна | АврО fuge ы - 
Ж Е но N(CH3)3 OH 
ge Ра CH3)3N ү 
cH; сн. (СНз)з 
T U 
heat 
— “а Ж + HO + (CH3)3N 
Ww 
[9] 


ens к 


20.41 (CH3),NH + v ж Be а base (-НСІ) 


CH; 
E fm о 
N Pu сна CH3;— № 
P. “““о E г 3 | t page 
CH; CH; 


Acetylcholine iodide 
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A А н 
20.42 AN. H6. ~, —— - HOC” NY on 


о o e o 
Р Д Br 
20.43 же. ше ен 
АКБ Br; 
О у = 
H N 
ымен 5 TET ee 
SS ^ 


Diethylpropion 


| tO „л 
20.44 СІ SOC СІ cl 
он 5-- el, 8—— — — —9 N 
H 
OH о 
о 
| 
Н 


-- 
base 


Spectroscopy 
20.45 The results of the Hinsberg test indicate that compound W is atertiary amine. The 'H NMR 
provides evidence for the following: 


(1) Two different CsHs— groups (one absorbing at 5 7.2 and one at 5 6.7). 
(2) A CH3CH5— group (the quartet at ô 3.5 andthe triplet at д 1.2). 
(3) An unsplit —СН2— group (the singlet at 8 4.5). 


There is only one reasonable way to pull all of this together. 


po 
| 


Thus W is N-benzyl-N-ethylaniline. 
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20.46 Compound X is benzyl bromide, CgHsCH Br. This is the only structure consistent with the 
ІН NMRand IR data. (The monosubstituted benzene ring is strongly indicated by the (5H), 
8 7.3 ІН NMR absorption and is confirmed by the peaks at 690 and 770 ст“! in the IR 
spectrum.) 
Compound Y, therefore, must be phenylacetonitrile, CgH;CH)CN, and Z must be 
2-phenylethylamine, CsHsCH2CH2NH3. 


Е NH? 
за. NaCN cr LiAIH, Фе 
X Y 


C7H7Br CgH7N CH; iN 


Interpretations of the IR and ЇН NMR spectra of Z are as follows. 


Z.C,HuN (c) 


NH; 
AO 
H H 


(a) singlet 5 1.0 
(5) triplet 5 2.7 

(c) triplet 2.9 

(d) multiplet 5 7.25 


20.47 That A contains nitrogen and is soluble in dilute НСІ suggests that A is an amine. The two 
IR absorption bands in the 3300—3500-cm-! region suggest that A is a primary amine. 
The PC spectrum shows only two signals in the upfield aliphatic region. There are four 
signals downfield in the aromatic region. The information from the DEPT spectra suggests 
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an ethyl groupor two equivalent ethyl groups. Assuming the latter, and assuming that A is 
a primary amine, we can conclude from the molecular formula that A is 2,6-diethylaniline. 
The assignments are 


(а) 8129 

(b) ( pi (b) 8242 
(а) (с) 61184 
(е) (d) 81259 

(d) (е) 8127.4 

(c) (f) 6141.5 


(An equally plausible answer would be that A is 3,5-diethylaniline.) 


20.48 That B dissolves in dilute HCl suggests that B is an amine. That the IR spectrum of B 
lacks bands in the 3300—3500-cm^! region suggests that В is a tertiary amine. The upfield 
signals in the ЗС spectrum and the DEPT information suggest two equivalent ethyl groups 
(as was also true of A in the preceding problem). The DEPT information for the downfield 
peaks (in the aromatic region) is consistent with a monosubstituted benzene ring. Putting 
all of these observations together with the molecular formula leads us to conclude that 
B is N,N-diethylaniline. The assignments are 


(6) 
(a) 8125 
d^ ae (b) 8442 
; (c) 8112.0 
(c) (d) 81155 
(e) (e) 8128.1 
(d) (f) 5147.8 


20.49 That C gives a positive Tollens' test indicates the presence of an aldehyde group; the 
solubility of C in aqueous HCI suggests that C is also an amine. The absence of bands in 
the 3300-3500-ст-! region of the IR spectrum of C suggests that C is a tertiary amine. 
The signal at ô 189.7 in the PC spectrum can be assigned to the aldehyde group. The signal 
at 5 39.7 is the only one in the aliphatic region and is consistent with a methyl group or 
with two equivalent methyl groups. The remaining signals are in the aromatic region. If we 

о 


assume that С has a benzene ring containing а A Н group and a — N(CH3)? group, 
then the aromatic signals and their DEPT spectra are consistent with C being p-(N.N- 
dimethylamino)benzaldehyde. The assignments are 


NUR: 
(c) 
(d) (a) 839.7 
(b) (b) 6110.8 
(e) (c) 6 124.9 
М. (d) 8131.6 
CH; “сн; (е) 81541 
(a) (f) 5189.7 
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Challenge Problems 


Fb 
20.50 (a) CoHsN 
H 
I 
H 
|2 
CH 
b <Æ CoH A | 
ea жәнеге = 
(b) I Өзін 6Н5 "5n m/z 107 
electron 
impact 
mass pe 
spectrometry) 
C6H5 
М=<Н; 
Н m/z 106 
H H CH; 


B Diphenylcarbodiimide B @ 
, i 
о H 
ant \-s-9- 
4 
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HO 


20.53 An abbreviated version of one of several possible routes: 


ha QA = 


repeated sequence 


у LAN 0 


H 
E 
"triacetoneamine" 
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20.54 


O-protonated acetamide cation N-protonated acetamide cation 


The N-protonated acetamide cation shows significant localization of positive charge near 
its NH3+ group, as indicated by the strong blue color at that location in its electrostatic 
potential map. The N-protonated acetamide model also shows noticeable negative charge 
(or less positive charge) near its oxygen atom, as indicated by yellow in that region. These 
observations suggest a lack of delocalization of the positive charge. 


Ontheother hand, the O-protonated acetamide cation has some blue as well as green mapped 
to both its NH2 group and O—H (protonated carbonyl) group, suggesting delocalization of 
the positive charge between these two locations. 


An attempt to draw resonance structures for these two protonated forms shows that two 
resonance contributors are possible for O-protonated acetamide, whereas only one proper 
Lewis structure is possible for N-protonated acetamide. The resonance contributors for 
O-protonated acetamide distribute the formal positive charge over both the oxygen and 
nitrogen atoms. 


H 
; —_— > j versus 
EIS | и Ж, 
NH2 NH2 NH3 
O-protonated acetamide cation N-protonated acetamide cation 


QUIZ 
20.1 Which of the following would be soluble in dilute aqueous НСІ? 


мн; 
ка; 
(b) за. 
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(c) МН; 


(d) Two of the above 
(e) АП ofthe above 


20.2 Which would yield propylamine? 


(1) NaCN 
------ 
(2) МАЊА 


(b) A, e а 
(с) ка „Бы. 


МН он“ 


(а) в 


(d) Two oftheabove 
(e) All of the above 


20.3 Select the reagent from the list below that could be the basis of a simple chemical test that 
would distinguish between each of the following: 


за. ы С” NH; 
H 


S МН; NH; 
(c) | and 
Р 4 


1. Cold dilute NaHCO; 

2. Cold dilute НС! 

3. NaNO;, НСІ, 5°C, then 2-naphthol 
4. CeHsSO;CI, ОН“, then НСІ 

5. Cold dilute NaOH 
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20.4 Complete the following syntheses: 


ст 4 в сн, 
(1) Fe,HCI 
(a) —— — Je 
(2) ОН- 
HN 
| | 
| 
р ^L B 
H3N, + 
"na м2 = № 


редици 
Вг D c 
(1) HONO, 0-5°С Br2 (xs) 
УФ SD 
(2) H20 
Br Br 
E 


20.5 Select the stronger base from each pair (in aqueous solution): 


+ isomer 


Mw Ooo 
Qoo 
AS „С 


T 
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сеоце 
N N 
H | 


CH; 
(1) (2) 


H H 
AN NS 
"OO O 
a) (2) 
ФиФ 
(f) or 
N^ и 


CH; 
(1) (2) 
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NUCLEOPHILIC AROMATIC 
SUBSTITUTION 


SOLUTIONS TO PROBLEMS 


21.1 The electron-releasing group (i.e., —СНз) changes the charge distribution in the molecule 
so as to make the hydroxyl oxygen less positive, causing the proton to be held more 
strongly; it also destabilizes the phenoxide anion by intensifying its negative charge. These 
effects make the substituted phenol less acidic than phenol itself. 


OH о 
+ HO == + Но 


5+ 
CH3 CH3 


Electron-releasing — CH; destabilizes 
the anion more than the acid. pK, is 
larger than for phenol. 


21.2 An electron-withdrawing group such as chlorine changes the charge distribution in the 
molecule so as to make the hydroxyl oxygen more positive, causing the proton to be held 
less strongly; it also can stabilize the phenoxide ion by dispersing its negative charge. 
These effects make the substituted phenol more acidic than phenol itself. 


OH om 


2 
+ HO <= + но" 


cl с 


Electron-withdrawing chlorine stabilizes 
the anion by dispersing the negative 
charge. pX, is smaller than for phenol. 


Nitro groups are very powerful electron-withdrawing groups by their inductive and reso- 
nance effects. Resonance structures (B—D) below place a positive charge on the hydroxyl 


528 
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oxygen. This effect makes the hydroxyl oxygen dramatically more positive, causing the 
proton to be held much less strongly. These contributions explain why 2,4,6-trinitrophenol 
(picric acid) is so exceptionally acidic. 


н H 
Or 6: OR 
+ 
МЕ | | o p 
*N NY ue N* 
507 То 507 Xg- 
2 
Nt +N 
. WM 
"E 07 ў -07 (6 
А B 
| | 
| о ОГ о 
. Қ” + 
г i> :O* k | d о al 
N N ; 
за sor нес наи “Ge 
+N | УМЗ. , 
“a СФ uo 79 
Е р 


21.3 Dissolvethe mixture т a solvent such as СН; СІҙ (one that is immiscible with water). Using 
a separatory funnel, extract this solution with an aqueous solution of sodium bicarbonate. 
This extraction will remove the benzoic acid from Ше CH2Cl2 solution and transfer it (as 
sodium benzoate) to the aqueous bicarbonate solution. Acidification of this aqueous extract 
will cause benzoic acid to precipitate; it can then be separated by filtration and purified by 
recrystallization. 

The CH2Cl2 solution can now be extracted with an aqueous solution of sodium hydroxide. 
This will remove the 4-methyl phenol (as its sodium salt). Acidification of the aqueous extract 
will cause the formation of 4-methylphenol as a water-insoluble layer. The 4-methylphenol 
can then be extracted into ether, the ether removed, and the 4-methylphenol purified by 
distillation. 

The СН; С1» solution willnow contain only toluene (and СН СЪ). These сап be separated 
easily by fractional distillation. 


OL 
or „о“ 
о (b) 
(а) сн; 
ОН 
оязы” o (d) io 
HO 
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21.5 If the mechanism involved dissociation into an allyl cation and a phenoxide ion, then 


recombination would lead to two products: one in which the labeled carbon atom is bonded 
to the ring and one in which an unlabeled carbon atom is bonded to the ring. 


s X o 


MCH, 


5+ 
dissociation Р ne CH; 


OH OH 
мсн; 
Doa 1 
мсн, | 


The fact that all of the product has the labeled carbon atom bonded to the ring eliminates 
this mechanism from consideration. 


о А „он 
21.6 СА вий ST 
A B 
о о 
x „СО 109 
о о 


(recombination) 
———— 


о о 
он 
= COO 
ы—ж > 
OH 
Q ~ NH; NHC¢Hs 827% 
мо, NO» NO; NO; 
21.9 (a) (b) (c) (d) 
NO) NO) МО; МО; 
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2110 That o-chlorotoluene leads to the formation of two products (o-cresol and m-cresol) when 
submitted to the conditions used in the Dow process suggests that an elimination-addition 
mechanism takes place. 


OH OH 
OH; 
CH; CH; a H-OH 
8. АИ 
Са 350°C 
он” 
4. сн; сн; 
= ЫА 
он- : HLOH 
oH oH 


Inasmuch as chlorobenzene and o-chlorotoluene should have similar reactivities under these 
conditions, it is reasonable to assume that chlorobenzene also reacts by an elimination- 
addition mechanism in the Dow process. 


21.11 2-Bromo-1,3-dimethylbenzene, because it has по a-hydrogen, cannot undergo an elimi- 
nation. Its lack of reactivity toward sodium amide in liquid ammonia suggests that those 
compounds (e.g., bromobenzene) that do react do so by a mechanism that begins with an 
elimination. 


21.12 (a) One molar equivalent of NaNH? converts acetoacetic ester to its anion, 


О о О 


[0] 
Ау“ liq. 
- ---> 
GE + МЕГ ut > СОБЕ + NH, 


H 


and one molar equivalent of NaN › converts bromobenzene to benzyne (cf. Section 
21.11B): 


й H 
NH ОФ Br 
+ 


NN 
— (О + NH; + Br 
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Then theanion of acetoacetic ester adds to the benzyne as it forms in the mixture. 


Фу OEt 


This is the end product of the addition. 


(b) 1-phenyl-2-propanone, as follows: 


О. О 
(1) ОН”, (1) OH, Н;О, heat _ heat 
о Quo > я 


(c) By treating bromobenzene with diethyl malonate and two molar equivalents о NaNH; 
to form diethyl phenylmalonate. 
о OEt 


2 мамн, _ QEL 
lig NH; ” | E о 


[The mechanism for this reaction is analogous to that given in part (a).] 
Then hydrolysis and decarboxylation will convert diethyl phenylmalonate to 2-phenyl- 
ethanoic acid. 


о OEt 
ОЕ (рон- (I) OH", НЮ, heat _ 
о (2) QHo 7 


heat Mein +® 80. 


/ 


LibraryPirate 


PHENOLS AND ARYL HALIDES: NUCLEOPHILIC AROMATIC SUBSTITUTION 533 


Problems 


Physical Properties 


0. OH о OH 
OH OH OH 
ж 
21.13 | 5 = most acidic 
SS 
CF; CF; 


OCH; NO> 
2 1 3 5 4 


21.14 (а) 4-Fluorophenol because a fluorine substituent ismore electron withdrawingthana methyl 
group. 


(b) 4-Nitrophenol because a nitro group is more electron withdrawing than a methyl group. 


(c) 4-Nitrophenol because the nitro group can exert an electron-withdrawing effect through 
a resonance effect. 


И + 
сбн ӧн 
<=_> 
с 
Nt Nt 
"G^ о a др 


In 3-nitrophenol this resonance effect is not possible. 
(d) 4-Methylphenol because it is a phenol, not an alcohol. 


(e) 4-Fluorophenol because fluorine is more electronegative than bromine. 


21.15 оф \ ona b > Soy e Уо + H0 
(c) (ym + NaCl 


21.16 (а) 4-Chlorophenol will dissolve in aqueous NaOH; 4-chloro-1 -methylbenzene will not. 


(b) 4-Methylbenzoic acid will dissolve in aqueous NaHCO:; 4-methylphenol will not. 


(c) 2,4,6-Trinitrophenol, because it is so exceptionally acidic (pK, = 0.38), will dissolve 
in aqueous МаНСОз; 4-methylphenol (рКа = 10.17) will not. 


(d) 4-Ethylphenol will dissolve in aqueous NaOH; ethyl phenyl ether will not. 
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General Reactions 


OH OH OH 
SO3H 
О; - 
21.17 (а) (b) + 
Р Ж 


OH | 


OH 
SO3H 971 ж | 
(c) * (d) | ) е 
CH SOT HS 


Br Br о C6H5 
w | Ы (СУ Y 
Ж 


ONa OL 
(i) Same as (h) (j) CT (k) СУ CH; + СН;050;0 
+ 


о 


Cs от 


о; 
(1) С6Н5ОСН; (т) 


21.18 Predict the product of the following reactions. 


О OH 
of ^ HBr (excess) ГУ " Ss. 
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OH о 


(1) NaH 
Br 


ый 
Се A OC - А, 


di а 


(b) 


Br 


OH OH 
(d) Гү Br; (excess) 
НО 
H3C H3C Br 
(e) ат == = "oe 


т“ 


H;C H3C 
(б 1 (1) Хан, ZA Ве 3 7 
(2) heat 
OH OH 


(g) HNO;, #50. 
An E NO? 
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Br 
амны NH; _ СІ 
h) + 
CH pe 3 СН; 


0) Маон __ NaOH 
(2) j^ VY 


Mechanisms and Synthesis 


21.19 ont - > 
Epichlorohydrin 


H; 


OH; 
— 


£M. њи 


CH; CH; Toliprolol 


21.20 Опе can draw a resonance structure for the 2,6-di-fert-butylphenoxide ion which shows 
the carbon para to the oxygen as a nucleophilic center; that is, the species is an ambident 


nucleophile. 


Giventhesteric hindrance aboutthe oxygen, the nucleophilic character ofthe paracarbon is 
dominant and ап Эм Аг reaction occurs at that position to produce this biphenyl derivative: 


ares 


LibraryPirate 


PHENOLS AND ARYL HALIDES: NUCLEOPHILIC AROMATIC SUBSTITUTION 537 


21.21 Both o- and m-toluidine are formed in the following way: 


CH; CH; 
_ NH) NH; 
сн; = сы = EN 
H ње PR 
"NH = 
У E CH; CH; 
350°C A 
са NH; - нА в, 
NH; NH; 


CH; CH; 
- O кн С 

CH; CH; = MU E 
NH» NH» 


350° С 
—— 


SO3H 
2122 Н230; _ 2 
ЕТТИ 
Gans 
"Oc + өзе - 
Ма 


СІ о СІ о 
| Ss но | "Uu 
> 25 г 
СІ сі 
2.4- 
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21.24 


21.25 


Dibenzo-18-crown-6 


H 
а” Жы 


4 ы он 
— 9 — H 2 — 
F 


H a 


са c5 o 
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OCH; OCH; ОСН; 
OH OH 
(b) + 2 at 
CH; сн; 
ВНТ 


Notice that both reactions аге Friedel-Crafis alkylations. 


ü Ço 
о о NO; о 0 N+ 
„7 „7 
$ ЖЕ. 
21.27 TL ——- " 
о NO; О МО; 
На 
ОСН 
“> В 


о Ө 4 
ET Ly) 
9 
ко NO; 
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21.28 The phenoxide ion has nucleophilic character both at the oxygen and at the carbon parato 


it; it is ambident. 


Оне О 


The benzyne produced by the elimination phase of the reaction can then undergo addition 
by attack by either nucleophilic center: reaction at oxygen producing 1 (diphenyl ether), 


and reaction at carbon producing 2 (4-hydroxybiphenyl). 
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CN CN 
| 2 eq. 
C кан, (2) NH,* 
21.29 (a) liq. NH; 
-33°C CN 
ÑH 
| 
| СНз 
(b) 
CI 
2 
| 
СН; 


21.30 Тһе proximity of the two —OH groups results іп the two naphthalene nuclei being non- 
coplanar. As a result, the two enantiomeric forms are nonequivalent and can be separated 


by a resolution technique. 


sae | 9 


— об Ja в-к -% € Jë + H—Ó—R 


(b) Because the phenolic radical is highly stabilized by resonance (see the following struc- 


tures), it is relatively unreactive. 


Са = Op =~ Оч Он 
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Spectroscopy 


21.32 X is a phenol because it dissolves in aqueous NaOH but not in aqueous NaHCO, . It gives 
a dibromo derivative and must therefore be substituted in the ortho or para position. The 
broad IR peak at 3250 сіп”! also suggests a phenol. The peak at 830 ст“! indicates para 
substitution. The 'H NMR singlet at 5 1.3 (9H) suggests nine equivalent methyl hydrogen 
atoms, which must be a tert-butyl group. The structure of X is 


OH 


21.33 The broad IR peak at 3200-3600 ст“! suggests a hydroxyl group. The two ЇН NMR 
peaks at 6 1.67 and 8 1.74 are not a doublet because their separation is not equal to other 
splittings; therefore, these peaks are singlets. Reaction with Br2/CCl, suggests an alkene. 
If we put these bits of information together, we conclude that Z is 3-methyl-2-buten-1-ol 
(3-methylbut-2-en-1-ol). 


(а) CH3 н(с) (a) and (5) singlets 8 1.67 and 1.74 
\ ҮШ / (с) multiplet 8 5.40 
И аа. а) (e) (d) doublet à 4.10 

(b) CH3 СН2ОН (e) singlet 2.3 


Challenge Problems 


21.34 Initially, rearrangement to the ortho position does occur, but subsequent aromatization 
cannot take place. A second rearrangement occurs to the para position (with the labeled 
carbon again being at the end of the allyl group); now tautomerization can result in reestab- 
lishing an aromatic system. 


Е 
Гад а а © 
CH3 \ „СН CH3 сн; CH3 сн; 
| heat * 
------>- — o 
(Claisen rearr.) (7 (Cope rearr.) 
ag H 
Not isolated Not isolated 
OH 
CH3 СН; 
Tautomerization 
О 
е“ 
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21.35 There are alternative representations for І, namely: 


Thus, I is an ambident nucleophile. O-alkylation via the nucleophile represented by A is 
anticipated since the negative charge resides primarily on the more electronegative atom. 
Use of DMF as solvent provides for a nucleophile unencumbered with solvent. 

When protic solvents are used, they strongly hydrogen bond to the oxygen atom and so 
reduce the nucleophilicity of the oxygen; C-alkylation then is favored. 


21.36 In those cases where the Sy Аг mechanism holds, the first step is rate-determining; the 
С — Nu bond forms, but there 15 no С — Е bond breaking. The strongly electronegative 
fluorine facilitates this step by helping to disperse the negative charge on the carbanionic 
intermediate. The other halogens, being less electronegative, are less effective in this. 

Іл Sy1 reactions the considerable strength of the C — Е bond results in very slow dis- 
sociation of the RF compound. Іп Sy2 reactions, since F^ is the most basic halide ion it is 
the poorest leaving group. 


21.37 Examination of the resonance structures that can be drawn for the Sy Аг intermediate in the 


first case reveals that the five-membered ring has cyclopentadienyl anion character. This is 
a stabilizing feature. 


- © 


Ми 


In the latter case, electron-delocalization into the other (seven-membered) ring results in 
eight electrons in that ring, not a factor which makes for stabilization. 


x Nu 


a 
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21.38 ЄН. „Өн WEE II 
¥ Хх” Ne X 
сн; > CHa 
мно 
H 
єн; CH3 CH CH3 
7 
N x N 
\ Tautomeric н М 
CH3 shift CH3 
CI cl cl 
excess cl 
Cl? 
21.39 O S. TE + ВЕРУ 
Fe 
cl 
cl cl 
CI cl 
— ка 
cl 
cl cl 


Ta + HA 
H 1. ОН” 


| 2. НзО+ 


OH H К OH 

fel У eH cl 
Hexa- 24,5-TCP HO P — T": 
chloro- ли ча, E 
phene CI cl 

cl cl 


2,4,5-Trichlorophenol (2,4,5-ТСР) 


543 


21.40 (а) Carry out the reaction in the presence of another aromatic compound, ideally another 
phenol. If the reaction is intermolecular, acylation of the other phenol would be expected. 
If that acylation does not occur, the reaction apparently is intramolecular. (In principle, this 
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approach should provide the answer to the question. However, the situation is more complex 
since other research supports an intermolecular process.) 


(b) The temperature effects suggest that the para product is kinetically favored with the 
higher temperatures leading to the thermodynamically favored (more stable) ortho product. 
The ortho product is stabilized by hydrogen bonding or complex "= with AICI. 


ғы 


Raney Мі 
М еу 


7 


21.41 па Qr | 
қ NaBH, H—S ў Oy 
/ 
№ 


HO OH HO. OH _ HO O—H 
2142 (a,b) — 


OH о HO H 


HO. OH HO о нң 
-H,0 
— (or -HOBH4" ) 


pa BH; ) 


21.43 (а) HOMO-1 best represents the region where electrons of the additional х bond would 
be found because it has a large lobe extending toward the periphery of the carbon ring, 
signifying the high probability of finding the additional:r electrons in this region. HOMO-2 
also has a small lobe inside the ring, corresponding to the second lobe expected for a typical 
л bond. Overall, the molecular orbital bears less resemblance to that of a simple alkene л 
bond, however, because of the complexity of the molecule. 


(b) Only a vacant orbital can accept an electron pair from a Lewis base, hence it is the 
LUMO+1 (next to the lowest unoccupied molecular orbital) that is involved in the nucle- 


ophilic addition step. 
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(c) The HOMO, HOMO-2 and HOMO-3 аге ће orbitals associated with the six electrons of 
the aromatic x system. These orbitals approximate the shape of and have thesame symmetry 
as the three bonding aromatic л molecular orbitals of benzene. 


(c) HOMO 


Quiz 


21.1 Which of the following would be the strongest acid? 


(a) on У OH (5 2202 OH (c) (У OH 
(d) СУ OH (e {он 


21.2 What products would you expect from the following reaction? 


OCH; 
СІ NaNH) 
— >» 
lig. NH3 
OCH; OCH3 OCH3 
NH 
“- 2 
(а) alone (b) alone (c) alone 
Ж 
NH2 
NH»; 
(d) Two of the above (е) All of the above 
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21.3 Which of the reagents listed here would serve as the basis for a simple chemical test to 
distinguish between 


CH; 2052 and Vb: 


(а) Ар(МН;);ОН 

(b) NaOH/H;O 

(c) Dilute HCI 

(d) Cold concd Н;5О, 


(e) None of the above 


21.4 Indicate the correct product, if any, of the following reaction. 


ou У-он i, БЕ - 35. 5 
Br 
(b) ada. (c) ed. сон 
Br 


Qe 
Br 
(d) Dac (e) There is no reaction. 
Br 


21.5 Complete the following synthesis: 


(a) CH3 


A 87% B 
— > 
а | ES i қ 
ӘР дб ұғ 
о о 
+ С. 
NH, 
NH, 
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21.6 Givethe products: 
concd HBr 
Алы 
heat 


21.7 Select the da acid. 


fa ax 
-- Ho 
(1) 
wont Von ж enl Уон 
(2) 


(1) 
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4 NILE N The solutions in this section correspond with problems that can be found only in the 
P L U S WileyPLUS course for this text. WileyPLUS is an online teaching and learning solution. 


For more information about WileyPLUS, please visit http://www.wilev.com/college/wilevplus 


ANSWERS TO 
SECOND REVIEW PROBLEM SET 


These problems review concepts from Chapters 13—21. 


1. Increasing acidity > 


о о о о 
(а) PN < “Хон < ма eae site < geni 
о 
.О--О--О--О- 
ОН 
О О A [9] 
“HOLE, OL ee 
OH OH OH 
о о о 
(d) « € 
ка ен > он ce as 


ci 


О о 
ES wen 
(e) < < NH 


о 


2. Increasing basicity > 


о 
(а) za ga < NH s 2 "NS 


548 
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а) HCN HO NH 
(2) LAH 
(3) НО 


(1) СНзМНЬ, HA cat. 
(b) у" (2) NaCNBH; =“ 
о 
NH) 
(c) cat. HA ГТ» 
о N 
С“ —H 
> 
е cat. НА 
CY 
| 
(1) НАШ (1) реа. і excess) 
N о 
" C X. (2) (3 суво" =“ па M 
о 
x4 
(b) (d) 
о (1) би (excess) 
(2) во, “ “ома, "OH 
OH 
(1) зось 
(2) PhMgBr (excess) 
T J ћу С 
о ха НЬ DCC nu 


(a) 
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о) „Сон 
O _ ¥ 6H P ? ее 
(b) ====== LOWE, Е- 
о о о 
о о [9] о ба 
- H 
iio D 
20: 
Gp 
[0] 
HON n нох - 0 9 
H 
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РВг 
6. (а) OH 3 Br 
Se (or НВг) 5 2-5,2 
[9] 
NK о 
(6 “ыз зе”! А + ка е 
[from part (а) Y 
о 
[0] 
Н... 
N 
HjNNH; 
Алон * d 
heat 
H^ 
о 
Вг Масм LiAlH4 
(97%. ee -— 3 ee ee ERO VAV ы 
[from part (a)] 
О 
(1) KMnO,, ОНТ, heat pur 
(d ~~ ОН LÁ ————— OH 


(2) H,0* 


о 
о-н қаға ps 
(е) mu дген, UN ЛЕС. OH + МН 
[from part (c)] hear 


(0) о 

(f) И Е ме Ec pm 
о 

МН» 


[from part (d)] 


[9] 
(g) mw cl МИ. 


[from part (Е) 


о о 
OH 
(h) Bees cl мес fre» COIS 
[from part (Е) ep 
о 


PW Om, ALM о- 


Мн? (2) но” 
[from part (g)] 
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Q, ) 

РР Ж pe Zn (He) ene 
HCI 

[from part (f)] 


о 
A omn о 
(k) жар cl ONa fo 
[from part (f)] 
о 
ТҮР он 
= b un о 
(1) ми 2ВЕ О ОЕ (1) OHS, H,O, heat 
+ 
[from part (a)] он ње 
о 
о 
о 
E АДА 
ОН -СО; ОН 
о 
МеВг 
"S Д) =" I A во” LI 
сн; сн; 
go em 


ortho isomer) 


ФА 
(2) Q Ho unb. 


CH; 


он” 
(aldol 
condensation) 


КЕ) or (Z)] 
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Br 
© ЖС. за NBS 
HF CCL) 


OH 
аве = (1) BH3: THF 7 
ы (ње, өн” - 
S d 
(1) NaH 
—————- 
2077 ву 
Ch, NI IG 
„СТ =. Суз Y (eparate fiom. 
ortho isomer) 
А | 
| 
OH N 
27 ү 
EN Го 
СІ 
Вг 
он- NH; Br, NH» (1) Hono, o-s*c 
— —- т = и 
НО но (2) ЊРО; 
heat Cl cl Br 
Br 
cl Br 


LibraryPirate 


554 ANSWERS TO SECOND REVIEW PROBLEM SET 


CH 
(а) СНз ино, но, 3 (1) KMnO, ОН“, heat 
-------->- Ур 
(separate from (2) H30* 
і ON 


ortho isomer) 


OH з0сь _ | вы шыу), _ 
diethyl diethylether ” 


-789С 
о 
о о 
H SS 
_———э— 
он” 
ON ON 
КЕ) or (Z)] 


сы; Вг + 
(е) NBS Ма с=Ен 5 
СС (hv) d 
(1) Hy, Lindlar’s catalyst нем, CN CN Lo 
о 
(2) @) шағы) 


‚ТНЕ-Н2О 


(ii) NaBH, 
(3) Н,СгО; 


OH 2 Ё OH 


KE) or (Z)] 


OH -но 
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| | 
| 
COEt 
bu Diels-Alder _ YT 
^ reaction 1. “СОЕ! 
„| 
25 "Methyl- 13- Diethyl Ed е 
butadiene + enantiomer 
OH Br 
(1) ДАН, ЕЬО ща 
r3 
(2) H,0* 3 a 
А ы OH а ы Вг 
+ enantiomer + enantiomer 
(1) Mg ҮСЕ 
2) НО? | 
(2) H3 A 


4 enantiomer 


ји ы AA 
~ 
он © ET SS MgBr 


(b) A isanallylic alcohol and thus forms a carbocation readily. B is a conju ated enyne 
and is therefore more stable than A. 


А AS 
3 D og, ^L 
Ж 
Қы. Ін, ot HO ні SS 
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БО 
(2) H,0+ 
Z “ OH Н; 
>” Ni2B (P-2) 
OH 
D 
о 
Ж = 
де, 
ОН ОН и іе 
E 
Z = 
-H3O 


OH | че — 
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= pr СО = 
НО 


СН; 
ON 
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(1) KMnO,, OH-, heat 
----------->- 


он 


HO | | OH 


Bisphenol A 


о 


OH soch 
— 


(2) НзО+ 
ом 
А 
о НО Анри |“ 
N 
ом ом = 
в 
о iai 
“чыг No ya 
H3 о 
cat. 
Procaine 
9 Ў он 1 5% (а. 
(1) Hzc: Ма" cr а 
13. + — r е 
(2) NH4CU/H50 
B 
А о мн, 
= jig 
А [9] 
Ethinamate 
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14. (a 
(а) 0 (1) CgHsMgBr OH PBr, Br 
L————- — y 
s 
Ca; н we Сен “Сең; сан; “Сан; 
А B 
(СВК н C6H5 
—————» әт. МСН» 
-HBr Сену То 
Diphenhydramine 


(b) The last step probably takes place by an Syl mechanism. Diphenylmethyl bromide, B, 
ionizes readily because it forms the resonance-stabilized benzylic carbocation. 
H 


a 
Cdi, С6Н; 
Br 


(a) For this synthesis we need to prepare the benzylic halide, Br 
and then allow it to react with (CH3)2NCH2CH2OH as in Problem 14. 


This a cs halide can be madeas follows: 


OH 
(1) (Сима PBr, 
---- 
(2) QHo ” 
Br 
Br 
Br | | 


(b) For m synthesis we can prepare the * B benzylic halide in two ма 
сн; сн; 


СН; 
H C1) CHsMgBr Сан МеВг Een. 
QHo ” H,0* 


H3 


MgBr 
но) pu жы: 
оно ` но” 


We shall then allow the benzylic Q to react Q A as in Q 
lem 14. 


- 
РД 
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о 
о о О 
EtO 275, 
16. S e но ов _ ов Зе Чт 
is — ЕЮ t — (Michael addition) 
[9] о 
А 
о о 
а о “он, HA Fto e 
OFt (converts — С == № to Eto OFt 
NC —COsEt 
во” “О O во 70 
B С 
о о 
ЖТ“о- ЕО о (ООН, 620, heat 
ALL 
(Dieckmann 7 (2) HO 
condensation) о ОБ 
OEt 
D 
о о о 
НО 19) (3) heat 
4 ———— 
-2 СО; OH 
OH 
О 
HO О 
"am и. ЖА 
17. pu — (acid-camlyzed ” m 2 OEt, base _ 
aldol condensation) (Michael addition) 
base 
и 
EtO © (intramolecular EtO 
aldol condensation) 
C 
B О 
НО”, heat E 
(hydrolysis and decarboxylation #60 # OH 
of B-keto ester) 
D 
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о о 


о Д. о А 


к н“ “н,он- Н `H, оне 
18. — -----:-С:--- 
мага Н (aldol addition) H (Cannizzaro 

reaction) 


A OH 
о о 
bd idi а“ “а Ces NH, 
— > — 
в ЗН о 
E ais 
о СІ о 
ү ‚н 
[0] 
d i 
Meprobamate 
о 
ОН О 
A SOCL 
19. о ---- „ы ыа МОА пия 
О 
0 А 
o A. о J 
NH 
Nh аы а у моу ч 
о о 
В е 
Сен; 
Н. 
Ay Мо: 2 
20. + сен ~ (Diels-Alder Pt 
reaction) A КО, pressure 
CoH o CH CoH 
6115 6115 615 
Ға” H2 
(-H20) Ni 
pressure 
NH) Ма = HN -— 
B с Fencamfamine 
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(DOS. _ 0504 
(2) (2)NaHSO; ” 
cass 


H 


-— ~— Infrared band in 3200-3550 ст! region 
p ы band in 1650-1730 ст”! region 
B 


Notice that the second step involves the oxidation of a secondary alcohol in the presence 
of a tertiary alcohol. This selectivity is possible because tertiary alcohols do not undergo 
oxidation readily (Sections 12.4D, E). 


22. Working backward, we notice that methyl trars-4-isopropylcyclohexanecarboxylate has 
both large groupsequatorial and is, therefore, more stable than the corresponding cis isomer. 
This stability of the trans isomer means that, if we were to synthesize the cis isomer or a 
mixture of both the cis and trans isomers, we could obtain the desired trans isomer by a 
base-catalyzed isomeriaation (epimerization): 


OCH, 
OCH; 
<E 
H О 
(more stable (cis isomer or mixture 
trans isomer) of cis and trans isomers) 


We could synthesize a mixture of the desired isomers from phenol in the following way: 


OCH; OH 


Br OH 
PBr, ыру" Н; 
< Е 
cat. 


pressure 
OH OH 
A gS НЕ 
— 
> (Friedel-Crafts 
alkylation) 
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23. The molecular formula indicates that the compound is saturated and is an alcohol or an 
ether. The IR data establish the compound as an alcohol. That Y gives a green opaque 
solution when treated with CrO, in aqueous H;SO, indicates that Y is a primary ог 
secondary alcohol. That Y gives a negative iodoform test indicates that Y does not contain 
the grouping — CHCH3. The PC spectrum of Y contains only four signals indicating that 


OH 
some of the carbons in Y are equivalent. The information from DEPT spectra helps us 
conclude that Y is 2-ethyl-1-butanol. 


(a) à 11.1 

(b) (d) (b) 8 23.0 
[^J он (c)8 43.6 
@ © (d) 8 646 


Notice that the most downfield signal is a СН; group. This indicates that this carbon atom 
bears the —OH group and that Y is a primary alcohol. The most upfield signals indicate the 
presence of the ethyl groups. 


24. That Z decolorizes bromine in CCl, indicates that Z 15 an alkene. We are told that Z is the 
more stable isomer ofa pair of stereoisomers. This fact suggests that Z isa trans alkene. That 
the PC spectrum contains only three signals, even though Z contains eight carbon atoms, 
indicates that Z is highly symmetric. The information from DEPT spectra indicates that the 
upfield signals of the alkyl groups arise from equivalent isopropyl groups. We conclude, 
therefore, that Z is trans-2,5-dimethyl-3-hexene. 


(a) 
(а) 6 22.8 
T (5) 531.0 
(a) (b) 9 (с) 6 134.5 
25. (a,b) 
OH 
(1) HA p 
— 
(2):А“, HA 
B 
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26. Compounds and reagents А— М, regarding the synthesis of dianeackerone: 


(a) 
т ОСН; 
^^ 
(ОК вон N 
N 
| O 
A B [d 
о 
^ О. О с CHil 
“он X ‘Br A H H HpCrO4 
D E О Е О 


M Hp, Pd 


(b) 


Br 


(с) (35,7 #)-Плапеаскегопе 
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CARBOHYDRATES 


SUMMARY OF SOME REACTIONS OF MONOSACCHARIDES 


CO;H 
рь СНОН Aldonic acid 
------ | 
НО ( ја onic aci 
CH;OH 
COH 
HNO; | ки 
> (СНОН), Aldaric acid 
CO;H 
CH — ММНС;Н; 
CHsNHNH> | 
> ^ C—NNHCdl o 
ом УН sazone 
T (CHOH), , 
RES CH;OH 
CH30H CN T HO 
Open-chain HCN . several 
LLL (СНОН Cyanohydrin ——-- (CHOH),.; 
form of aldose (Kiliani-Fischer ( n. Eisdem Steps | пе 
synthesis) CH3OH CH;6H 
CH4OH Aldose with 
NaBH,4 я one more 
ТЫШ; Alditol cabon 
CH;OH 
HO 
(1) вг/н;о , 
m (CHOH),; Ајдове with one 
(Ове я less carbon atom 
(Ruff degradation) CH;OH 
CH;OH СН2ОН 
о О 
НО N свон HO № (СНз)2504 
HO СНОН „> Ho CHOCH, ^ oH- ” 
HA 
OH OH 
Cyclic form of D-glucose Methyl glucoside 
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CHOCH; њо? CH,OCH; ка 
ORO А њо А yn c OCH3 
CHO J CHOCH; — сњо CHOH CH; : H 
т OCH; 
CH3 di ы OH 
сн;осн; 


SOLUTIONS ТО PROBLEMS 


22.4 (a) Two, CHO (b) Two, CH 20H 
bass - 

Жак *СНОН 

Buon *CHOH 

CH;OH 


(c) There would be four stereoisomers (two sets of enantiomers) for each general structure: 


22-4. 
CHO CHO CHO CHO 
н-с-о0н НО--С-Н HO~c—H Н--С--Он 
22.2 | | | 
H—C-—-oH нос ~H Н--С--он но-С--н 
сњон CH,OH Сн,он CH30H 
D p D iÜ 
CHOH CHOH anon CH,OH 
С--О С--О С--О С--О 
н-с-он | HO—C—H но-с--н Н--С--Он 
| | 
н-С-он Нно-С-н н-С-он HO~C™H 
CH;OH CH;OH CH30H CH;0H 
D L D L 
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22.3 (a) но OH (b) OH 
о о 

H OH 

ее И mare 
OH HO H 

CH20H 


OH 
22.4 (a) о 4 он 
HO ні an HO 
HO OH 


2-Hydroxybenzyl alcohol 


D-(+)-Glucose 
OH OH 
(b) ö OH zn б) H OH 
HO ó каша Жб 35 і 
но = —— ——- но Q 
H on > 
Salicin 
OH 
OH 
но OH "c 4 
юзе AE ae vii „ 
HO 20H; 
HO OH OH 
OH 
А:7,-НА HO 0 
OH 
HO H 


22.5 Dissolve p-glucose in ethanol and then bubble in gaseous HCI. 
OH 


OH 
б $n 
HO | - н а X A -H)O 
OH O—H 
Ho он 75 HO он “^9 
OH OH А е 
+ Ó 
- о ВО ~ o A а но 
но - Охе 
HO OH OH + 


OH OH 
О о 
«ал + в за 
HO OH HO OH 
о м 
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22.6 a-p-Glucopyranose will give a positive test with Benedict’s or Tollens’ solution because 
it is a cyclic hemiacetal. Methyl w-p-glucopyranoside, because it is a cyclic acetal, will 


not. 
22.7 (a) Yes (b) 
(e) No (f) 


о он о он 
=e (c) Yes (d) че” 
HO ф-н H—= 0H 
HO + H н | он 

H + OH à 
H + OH 02 “он 
o" Son 


D-Mannaric acid 


O H О ОН 
us. 
*c ж > C wt 
HO H HNO; HO H 
— 
H OH H OH 
CH)OH Ж 
an 
D-Threose о он 


D-Tartaric acid 


(g) The aldaric acid obtained from p-erythrose is meso-tartaric acid; the aldaric acid ob- 
tained from p-threose is p-tartaric acid. 


О. 
H OH 
о 
22.8 HO H 
H 
H OH 
OH 


о. ом 
OH 
о. он йен 
но 4 H н н- он 
" and о B$*e v o 
OHH Уо н %- OH OHOH> O 
о 
Н нон H нн 


22.9 One way of predicting the products from a periodate oxidation is to place an —OH group 
on each carbon atom at the point where C—C bond cleavage has occurred: 


--С--ОН 
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Then if we recall (Section 16.7A) that gem-diols are usually unstable and lose water to 
produce carbonyl compounds, we get the following results: 


| 
сон = x 
| --з- ке ==. + 2 
“ін / 
OH \ 
С из —— == + H,O 
—C—0-—H 


Let us apply this procedure to several examples here while we remember that for every 
C—C bond that is broken 1 mol of HIO, is consumed. 


ж- 
он dien о 
F^ OH -2H,0 
Фи + НОЈ — |+ === 2 A 
y (COH 


H 
OH он 
H 
H | H 
Дон Yo 
Н 
Сон н 
OH + To 
b алы 2 НО, --- y ае Ж 
Ў 4 4 ——ъ» 
(DH и s 4 H el on H OH 
OH OH * 
+ H 
OH 
e о 
Кон ) 
H 
H 
H > о 
OH H 
OCH; H 
қ " on -2H,0 
(c) у + НО, — 
HO / ОСН; снзо он CH30 о 
OH 
сно; Дон u—— Н 
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r H к, | H 
OH 
b. > 
OH H 
о + + 
Чар OH -2 HO О 
(d) но” ^y^ + 4HIO;-— —94 у в! Д. 
OH H OH H OH 
+ + 
но о 
о и ти 


= 
HO о 
о о LM 
2 OH 
| —2 HO 
gi ~ + 2HIO, --> Дон 2 + 
° OH OH О 
i ahs 
HO H OH 
m 


o o 
f + НО —— -2 H20 
bel a HO b Ты > 
HO OH HO OH 
H H 
о 
таныш a 
HO, > OH = но 
(g) Ен + но — |+ EM g 
ses о 
OH 
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(h) СНО 
нон __ 
H—+ OH 
CH,OH 


D-Erythrose 


22.10 Oxidation of an aldohexose and a ketohexose would each require 5 mol of HIO4 but would 


give different results. 


CHO HCO;H 
---- + 
CHOH HCO2H 
———— + 
СНОН HCO 2H 
ез ка «РОМ kc. ЕБ (5 HCO?H + HCHO) 
Es + 
CHOH HCO;H 
т. laa + 
CH,OH HCHO 
Aldohexose 
СНОН HCHO 
-L—— + 
С--О со; 
=| еме + 
CHOH HCO;H 
—1——— + 5 НІО4 » + (3 HCO?H + 2HCHO + СО») 
CHOH Носи 
Pu ER + 
HCO 2H 
CHOH 
+ 
HCHO 
CHOH 
Ketohexose 
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(a) Yes, p-glucitol would be optically active; only those alditols whose molecules possess 


a plane of symmetry would be optically inactive. 


(b) H о OH 
H OH H OH 
н Фон NaBH, о рай я 
ii oii H OH ane of symmetry 
H OH H OH 
OH OH 
Optically inactive 
H о OH 
H OH H OH 
HO H NaBH, „ HO —H . РІ f t 
HO b Ho H ane of symmetry 
H OH H OH 
OH OH 
Optically inactive 
2212 (а) OH СН=ММНСёН5 
о С== ММНС;Н; 
HO H HO H 
H OH Ce6HsNHNH2 H OH 
------» 
Н ОН Н ОН 
ОН ОН 


(b) This experiment shows that p-glucose and p-fructose have the same configurations at 


C3, C4, and CS. 


2213 а) HY 
HO——H 
HO——H 

OH 


L-(+)-Erythrose 


(b) L-Glyceraldehyde 


LibraryPirate 


H [0] 
H OH 
HO H 
OH 
L-(+)-Threose 
H о 


ва 
OH 
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22.14 (a) H о 
H OH 
H OH 
OH 


D-(—)-Erythrose 


HCN 
| | 
CN CN 
нон Epimeric нон 
нон cyanohydrins нон 
H OH (separated) H OH 
OH OH 
(1) ВаФНр (1) ВаФНр 
(2) не" (2) ње" 
Y Y 
Ох ОН 0. ОН 
H Epimeric HO ba H 
H aldonic acids H 4— OH 
H H тон 
NOH 
-H20 | | 
HO о 
о 
Ерітегіс H HO 
y-aldonolactones H 
OH H 
Na-Hg, НО Na-Hg, НО 
pH 3-5 pH 3-5 
0. H 0. H 
H OH HO H 
H OH H OH 
H OH H OH 
OH OH 


LibraryPirate 


CARBOHYDRATES 573 


(b) 

e H о ОН 

H OH HNO, H OH 

H OH —— H OH 

H OH H OH 

OH o OH 
D-(—)-Ribose Optically inactive 

о H О OH 

HO H HNO, HO H 

H OH ти“ еі H OH 

H OH H OH 

OH oA “он 

D-(—)-Arabinose Optically active 


22.15 A Kiliani-Fischer synthesis starting with p-(—)-threose would yield I and II. 


H о H 6 
H OH HO H 
HO H HO H 
H OH H OH 
OH OH 
I II 
D-(+)-Xylose D-(—)-Lyxose 


I must be p-(4-)-xylose because, when oxidized by nitric acid, it yields an optically inactive 


aldaric acid: 
HO о 
H OH 
I HNO; но H 
H OH 
HO О 


Optically inactive 
П must be p-(—)-lyxose because, when oxidized by nitric acid, it yields an optically active 
aldaric acid: 


HO О 

HO H 

T HNO, HO H 
H OH 

HO [e] 


Optically active 
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22.16 H о о H e 
HO H H OH HO H H OH 
HO H HO H H OH H OH 

HO H HO H HO H HO H 
OH OH OH OH 


L-(+)-Ribose  L-(-)Arabinose 1-(-)-Хуіове  L-(4)-Lyxose 


22.17 Since p-(+)-galactose yields an optically inactive aldaric acid, it must have either structure 
Ш or structure IV. 


H О НО О H О 
H OH H OH H OH 
H OH HNO, H fmm OH HO H HNO, 
H OH H OH HO H 
H OH H OH H OH 
OH но“ То OH 
ПІ Optically inactive IV Optically inactive 
A Ruff degradation beginning with Ш would yield p-(— )-ribose 
H о 
Вгә НО» H OH 
ШІ HO" ко» n он 
2 exSO4)1 H OH 
OH 
D-(—)-Ribose 


A Ruff degradation beginning with IV would yield p-(—)-lyxose: thus, p-(+)-galactose 
must have structure IV. 


H о 
О 
. Br H202 H H 
"o md ux I 
2 2(504)3 H OH 
OH 
D4—)-Lyxose 
22.18 D-(+)-glucose, as shown here. 
[9] OH 
о OH В о 
H SH Na-Hg Na-Hg 
н ез (св н 4 ен 
о HOH но + H но +H pe? не 4H 
H OH H OH H H OH 
H OH H OH H OH 
9 он он он 
The other lactone b++)-Glucose 


of D-glucaric acid 
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о OH 
X о KMnO, 
— с 
он“ 
М о 
ae” 


о 
Е 2 
он Ж 


о 


OH 


D-Galacturonic acid 


Problems 


Carbohydrate Structure and Reactions 


2220 (a) Н. „О б „он © H vo OH 
CHOH Fo (CHOH), о 
(ри CHOH HOW сен" (CHOH), 
CHOH CHOH ан HO... с.н 
OH CHOH С он 
ОН 


(СНОН), 
| чан ачан 
CH 


OH 
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о өн 
ant OH 
(CHOH), б T |м 
CH——O 
(g) | " (h) 
CHOH / N 
РИ | ог СНОН СНОН 
\ 
ман үа 9 СНОН — СНОН 
CHOH 


OH 

OH 
CH рен 

, СНОН СНОН 

(i) о ог | |“ “= 
CHOH КН 7 CHOH 
CH CHOH—CHOH 
CHOH 
“OH 


(j) Any sugar that has a free aldehyde or ketone group or one that exists as a cyclic 
hemiacetal. The following are examples: 


OH OH OH 
он т dit [on 


| | 
(нов), =— ХСНӨН), O. 9^ (нон), === нош, о 


СНОН СН СНОН СН 
- ин — — 
OH 
OH 
CH——O 
6.2 à ея 
СНОН CHOR О 
—— di 
нон йен + Основ 
CHOH—CHOH 


(m) Any two aldoses that differ only in configuration at C2. (See also Section 22.8 fora 
broader definition.) p-Erythrose and p-threose are examples. 


о Н о Н 
H OH HO H 
H OH H OH 

OH OH 
D-Erythrose D-Threose 
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(n) Cyclic sugars that differ only in the configuration of C1. The following are examples: 


OH OH 
9 pe. а 
HO OH and HO ~ ү 
HO fol V. 
OH OH 
OH 
(о) СН--ММНСұН; (p) Maltose is an example: 


| 
C—NNHC&Hs 


OH 
о 
(СНОН), » OH ж 
О 
HO OH 

(q) Amylose is an example: 

OH OH 
po A 
OH OH OH 
HO © О 
OH OH 
n 


(r) Any sugar in which all potential carbonyl groups are present as acetals (i.e., as glyco- 
sides). Sucrose (Section 22.12A) is an example of a nonreducing disaccharide; the methyl 
p-glucopyranosides (Section 22.4) are examples of nonreducing monosaccharides. 


OH OH 
22.21 (a) о (b) о 
но но 
OH бр о 
он он он 


OCH; 


OH 


(c) 
СНО 
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H 
H O H 


22.22 
H 
and H 
HO OH 
OH OH 
ОНо H OH, H 
a. Б + но — ü Dv, 
HW OCH3 H OCH; 
он! OH 0 ш 
H H 
H H O. H 0 
H Ақ 
+ 2HIO, —> H Н tW OH 
HO OCH; о OCH; 
OH' OH о 


The above would apply in the same way to the 8 anomers. A methyl ribofuranoside would 
consume only 1 mol of HIO4; a methyl ribopyranoside would consume 2 mol of HIO, and 
would also produce 1 mol of formic acid. 


22.23 One anomer of D-mannose is dextrorotatory (Геја) = +29.3); the other is levorotatory 
(о; = —17.0). 


22.24 The microorganism selectively oxidizes the -CHOH group of p-glucitol that corresponds 
to C5 of p-glucose. 


° H OH _ OH OH 
H 4 OH H + oH НЕ. о 
нон н, HOH о; E- m _ но--н 

H-# OH №” H- ОН Acetobacter” — H-1—0H 
H 4 oH H OH  suboxydans Е-О HO H 

6 
OH OH Mon OH 
D-Glucose D-Glucitol L-Sorbose 


22.25 L-Gulose and L-idose would yield the same phenylosazone as L-sorbose. 


CH — NNHCg$H; 


b закри = он эн 

HO H о HO H H OH 
H OH C,HsNHNH, HO H HO H HO H 

HO H OH г— Н OH — H OH 
OH HO H HO H HO H 

Same OH OH OH 
phenylosazone L-Sorbose L-Gulose L-Idose 
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22.26 „ОН ыы о H 
—o C=NNHC,H; H + OH 
H OH H OH H OH 
C6HsNHNH2 СеН5МНМН›; 
нон —°”————> н—он << н 4- oH 
H OH H OH H OH 
OH OH OH 
D-Psicose D-Allose 
OH NR o H 
о C= NNHC6H5 H OH 
HO Ф-Н . CesNHNH poly CsHsNHNH2 HO —> Н 
— ----- 
HO H HO H HO H 
H $ OH н— он н + OH 
OH OH OH 
D-Tagatose D-Galactose 
22.27 Ais D-altrose, B is p-talose, C is p-galactose. 
о H OH OH о H 
HO H HO H H® H HO H 
H OH Н, H OH Но H H; HO H 
та Сана = а а 
H OH Ni H OH HO H Ni HO H 
H OH H OH H OH H OH 
OH OH HO OH 
=. —— al - 
D-Altrose Same alditol D-Talose 
A B 
(саи, сенини 
тіз маны екеін 
C—NNHC4Hs < Different phenylosazones > C—NNHC&Hs 
H OH He H 
H OH HO H 
H OH H OH 
OH OH 
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о H CH—NNHC$Hs 
H OH C—NNHCgHs 
HO н CeHsNHNH; но H CsHsNHNH2 
----> — 
HO H HO H 
H OH H OH 
OH OH 
D-Galactose Same phenylosazone 
C 
H5, Ni 
Y 
„ОН 
н-+--он 
225 
нон ifferent alditols 


H OH 
Bee 


о H 
HO H 
HO H 
HO H 

H OH 
OH 
D-Talose 
B 
H5, Ni 
Y 
„ОН 
HO——H 
HO ——H 
HO —— H 


H OH 
Kon 


(Note: If we had designated p-talose as A, and p-altrose as B, then C is p-allose). 


22.28 & H 
H OH 
HO H 
H OH 
OH 
D-Xylose 
22.29 [9] H 
H eH 
HO H 
H OH 
H OH 
OH 
D-Glucose 
о 
-но но 
-- но 
H 
H 
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NaBHy 
or H2/Pt 


OH 
H OH 
HO H 
H OH 
OH 
D-Xylitol 
О OH 
H OH 
HO H pyridine 
H OH (ерітегілаіоп) 
H OH 
OH 
о H 
O  Na-Hg но H 
H 3-5 Hp H 
p н + OH 
H OH 
OH 
D-Mannose 


о OH 
HO H 
HO H 

H OH 
H OH 
OH 
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22.30 The conformation of p-idopyranose with four equatorial —OH groups and an axial 
--СНҘОН group is more stable than the one with four axial —OH groups and an equatorial 


—CH3OH group. 
OH 
HO OH 
О He s 60 
HO ТЕ 
OH эн 
HO OH 
More stable Less stable 


4 Equatorial —OH groups 


4 Axial —OH groups 
1 Axial СНОН group 


1 Equatorial —CH OH group 


Structure Elucidation 


22.31 (a) The anhydro sugar is formed when Ше axial —CH2@H group reacts with СІ to forma 
cyclic acetal. 
OH 
| и OH OH 
НА (-H20 
HO он — HA GRO 
OH 
OH dé OH 
В-0-Айгоругапозе о 
[9] 
OH 
OH 
HO 
Anhydro sugar 


Because the anhydro sugar is an acetal (i.e., an internal glycoside), it is a nonreducing sugar. 


Methylation followed by acid hydrolysis converts the anhydro sugar to 2,3,4-tri-O- 
methyl-p-altrose: 


H 


=> H 
0 осн; 
о (СНО, _ Ho OCH, 
— он- ^ F OH 
oH en OCH, 36 OCH; 
HO OH 
Anhydro B-D- 2,3,4- Tri-O- 


altropyranose methyl-D-altrose 
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(b) Formation of an anhydro sugar requires that the monosaccharide adopt a chair confor- 
mation with the —CH2OH group axial. With 8-p-altropyranose this requires that two —OH 
groups be axial as well. With 8-p-glucopyranose, however, it requires that all four —OH 
groups become axial andthus that the molecule adopt a very unstable conformation: 


Highly unstable 
conformation 
OH OH ай 
OH 
HO n = о HA (-Н20) 
HO OH » 
OH HO 
OH 
Y [0] 
B-D-Glucopyranose OH 

го 


но OH 


Anhydro-B-D-glucopyranose 


22.32 |. The molecular formula and the results of acid hydrolysis show that lactose is a disac- 
charide composed of p-glucose and p-galactose. The fact that lactose is hydrolyzed by a 
B-galactosidase indicates that galactose is present as a glycoside and that the glycosidic 
linkage is beta to the galactose ring. 


2. That lactose is a reducing sugar, forms a phenylosazone, and undergoes mutarotation 
indicates that one ring (presumably that of p-glucose) is present as a hemiacetal and thus is 
capable of existing toa limited extent as an aldehyde. 


3. This experiment confirms that the p-glucose unit is present as a cyclic hemiacetal and 
that the p-galactose unit is present as a cyclic glycoside. 


4. That 2,3,4,6-tetra-O-methyl-p-galactose is obtained in this experiment indicates (by 
virtue of the free —OH at C5) that the galactose ring of lactose is present as a pyranoside. 
That the methylated gluconic acid obtained from this experiment has a free —OH group 
at C4 indicates that the C4 oxygen atom of the glucose unit is connected in a glycosidic 
linkage to the galactose unit. 

Now only the size of the glucose ring remains in question, and the answer to this is 
provided by experiment 5. 


5. That methylation of lactose and subsequent hydrolysis gives 2,3,6-tri-O-methyl-p- 
glucose—-that it gives a methylated glucose derivative with a free —OH at C4 and С5 
demonstrates that the glucose ring is present as a pyranose. (We know already that the 
oxygen at C4 is connected in a glycosidic linkage to the galactose unit; thus, a free—OH at 
C5 indicates that the C5 oxygen atom is a part of the hemiacetal group of the glucose unit 
and thatthe ring is six membered.) 
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22.33 OH на ӨН 
HO он T =" 
OH H 
HO 
H O—CH 
H OH H et °ч о—сњ 
HO 
OH H -OH HO 
HO OH OH 
H OH 


6-O-(a-p-Galactopyranosyl)-p-glucopyranose 
We arrive at this conclusion from the data given: 


1. That melibiose is a reducing sugar and that it undergoes mutarotation and forms a 
phenylosazone indicate that one monosaccharide is present as a cyclic hemiacetal. 


2. That acid hydrolysis gives p-galactose and D-glucose indicates that melibiose is a di- 
saccharide composed of one p-galactose unit and one p-glucose unit. That melibiose is 
hydrolyzed by an o-galactosidase suggests that те лозе is ап «-p-galactosyl-p-glucose. 


3. Oxidation of melibiose to melibionic acid and subsequent hydrolysis to give D-galactose 
and p-gluconic acid confirms that the glucose unit is present as a cyclic hemiacetal and 
that the galactose unit is present as a glycoside. (Had the reverse been true, this experiment 
would have yielded p-glucose and p-galactonic acid.) 

Methylation and hydrolysis of melibionic acid produces 2,3,4,6-tetra-O-methyl-p- 
galactose and 2,3,4,5-tetra-O-methyl-p-gluconic acid. Formation of the first product---a 
galactose derivative with a free —OH at C5-—demonstrates that the galactose ring is six 
membered; formation of the second product---a gluconic acid derivative with a free —ОН 
at C6—demonstrates that the oxygen at C6 of the glucose unit is joined in a glycosidic 
linkage to the galactose unit. 


4. That methylation and hydrolysis of melibiose gives a glucose derivative (2,3,4-tri-O- 
methyl-p-glucose) with free —OH groups at C5 and Сб shows that the glucose ring is also 
six membered. Melibiose is, therefore, 6-O-(o-p-galactopyranosyl-p-glucopyranose. 


22.34 Trehalosehas the following structure: 


OH H OH 
H онн H 
H OH H or 
OH H HO 
HO о `o OH 
H OH H 
a-D-Glucopyranosyl-a.-D-glucopyranoside 
OH 
OH 
353 On. 
Hn OH 0H 
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Wearriveat this structure in the following way: 
1. Acid hydrolysis shows that trehalose is a disaccharide consisting only of p-glucose units. 


2. Hydrolysis by a-glucosidases and not by 8-glucosidases shows that the glycosidic link- 
ages are alpha. 


3. That trehalose is a nonreducing sugar, that it does not form a phenylosazone, and that 
it does not react with bromine water indicate that no hemiacetal groups are present. This 
meansthatC1 of one glucose unit and СІ of the other must be joined ina glycosidic linkage. 
Fact 2 (just cited) indicates that this linkage is alpha to each ring. 


4. That methylation of trehalose followed by hydrolysis yields only 2,3,4,6-tetra-O-methyl- 
D-glucose demonstrates that both rings are six membered. 


22.35 (a) Tollens’ reagent or Benedict's reagent will give a positive test with p-glucose but will 
give no reaction with p-glucitol. 


(b) p-Glucaric acid will give an acidic aqueous solution that can be detected with blue 
litmus paper. D-Glucitol will give a neutral aqueous solution. 


(c) p-Glucose will be oxidized by bromine water and the red brown color of bromine will 
disappear. D-Fructose will not be oxidized by bromine water since it does not contain an 
aldehyde group. 


(d) Nitric acid oxidation will produce an optically active aldaric acid from p-glucose but 
an optically inactive aldaric acid will result from p-galactose. 


(e) Maltose is a reducing sugar and will give a positive test with Tollens’ or Benedict's 
solution. Sucrose is a nonreducing sugar and will not react. 


(f) Maltose will give a positive Tollens' or Benedict's test; maltonic acid will not. 


(g) 2,3,4,6-Tetra-O-methyl-8-p-glucopyranose will give a positive test with Tollens’ or 
Benedict's solution; methyl 8-p-glucopyranoside will not. 


(h) Periodic acid will react with methyl a-p-ribofuranoside because it has hydroxyl groups 
on adjacent carbons. Methyl 2-deoxy-a-p-ribofuranoside will not react. 


22.36 That the Schardinger dextrins are nonreducing shows that they have no free aldehyde or 
hemiacetal groups. This lack of reaction strongly suggests the presence of a cyclic struc- 
ture. That methylation and subsequent hydrolysis yields only 2,3,6-tri-O-methyl-p-glucose 
indicates that the glycosidic linkages all involve C1 of one glucose unit and C4 of the 
next. That a-glucosidases cause hydrolysis of the glycosidic linkages indicates that they are 
a-glycosidic linkages. Thus, we are led to the following general structure. 
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OH 
о 
о 
07 | он HO 
OH о 
HO OH 
| ОН OH 
HO 
OH ној 0 
о 
п 
ОН 
n= 3, 4, 0г5 


Note: Schardinger dextrins are extremely interesting compounds. They аге able to form 
complexes with a wide variety of compounds by incorporating these compounds in the cavity 
in the middle of the cyclic dextrin structure. Complex formation takes place, however, only 
when the cyclic dextrin and the guest molecule are the right size. Anthracene molecules, 
for example, will fit into the cavity of a cyclic dextrin with eight glucose units but will 
not fit into one with seven. For more information about these fascinating compounds, see 
Bergeron, R. J., “Cycloamyloses,” J. Chem. Educ. 1977, 54, 204-207. 


Isomaltose has the following structure: 


OH 


OH 
H O. H 
H HO о 
OH H a 
HO HO = 
H OH H о о 
H о 
OH H OH HO 
HO HO OH 
m du OH 


6-O-(a-D-Glucopyranosyl)-D-glucopyranose 


(1) The acid and enzymic hydrolysis experiments tell us that isomaltose has two glucose 
units linked by ап о linkage. 


(2) That isomaltose is a reducing sugar indicates that one glucose unit is present as a cyclic 
hemiacetal. 


(3) Methylation ofisomaltonic acid followed by hydrolysis gives us information about the 
size of the nonreducing pyranoside ring and about its point of attachment to the reducing 
ring. The formation of the first product (2,3,4,6-tetra-O-methyl-p-glucose)—-a compound 
with an —OH at C5—tells us that the nonreducing ring is present as a pyranoside. Тһе 
formation of 2,3,4,5-tetra-O-methyl-p-gluconic acid---a compound with an —OH at C6— 
shows that the nonreducing ring is linked to C6 of the reducing ring. 


LibraryPirate 


586 CARBOHYDRATES 


(4) Methylation of maltose itself tells the size of the reducing ring. That 2,3,4-tri-O-methyl- 
D-glucose is formed showsthat the reducing ring is also six membered; we know this because 


of the free —OH at CS. 
22.38 Stachyose has the following structure: 


OH 
ан. 


7777 Hydrolysis here by an a-galactosidase yields 
D-galactose and raffinose 


Hydrolysis here by an a-galactosidase 
Es yields sucrose 


H HO н о. н OH H 
D-Galactose H о 


OH H о H HO 
HO OH 
H OH OH H 
Raffinose D-Glucose D-Fructose 


Sucrose 


Raffinose has the following structure: 


777 Hydrolysis here by an a-galactosidase 
4 yields D-galactose and sucrose 


r--- Hydrolysis here by an invertase 
yields melibiose and fructose 


H OH 


mes О м 
Мейыовен р-Са!асїозе о 
Н HO 
OH 
H OH OH H 
D-Glucose D-Fructose 


Sucrose 


The enzymic hydrolyses (as just indicated) give the basic structure of stachyose and raffi- 
nose. The only remaining question is the ring size of the first galactose unit of stachyose. 
That methylation of stachyose and subsequent hydrolysis yields 2,3,4,6-tetra-O-methyl-p- 
galactose establishes that this ring is a pyranoside. 
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22.39 Arbutin has the following structure: 


OH 
о 
HO OH 


p-Hydroxyphenyl-B-D-glucopyranoside 


HO 
OH 
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Compounds X, Y, and Z are hydroquinone, p-methoxyphenol, and p-dimethoxybenzene, 


respectively. 
OH (a) 
Oy 
ч (а) 
mU 
OH (a) 
с) 
ogni) 


m p 


p-Dimethoxybenzene 
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(a) Singlet 5 7.9 [2H] 
(6) Singlet 8 6.8 [4H] 


(a) Singlet 5 4.8 [1H] 
(b) Multiplet à 6.8 [4H] 
(c) Singlet à 3.9 [3H] 


(a) Singlet à 3.75 [6H] 
(6) Singlet 5 6.8 [4H] 
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The reactions that take place are the following: 


OH OH 
ou H,0* or OH + HO У 
HO B- glucosidase HO 
X 
OH OH Hydroquinone 
D-Glucose 
OCH, 
оо ОСН; 
_ (CH3)580, (xs) Е. 
Arbutin ши та. OCH; њо 
CH;0 > 
OCH; 
OCH; 
O. OH 
OCH; к HO 4M ОСН; 
CH;0 
Y 
OCH; 
2,3,4,6- Tetra-O-methyl-D-glucose p-Methoxyphenol 
(СНз)5О4 
p-Methoxyphenol one > CH3 OCH3 


Z 
p-Dimethoxyhenzene 


22.40 Aldotetrose B must be p-threose because the alditol derived from it (p-threitol) is optically 
active (the alditol from p-erythrose, the other possible p-aldotetrose, would be meso). 
Due to rotational symmetry, however, the alditol from B (p-threitol) would produce only 
two PC NMR signals. Compounds A-F are thus in the family of aldoses stemming from 
D-threose. Since reduction of aldopentose A produces an optically inactive alditol, A must 
be p-xylose. The two diastereomeric aldohexoses C and D produced from A by a Kiliani- 
Fischer synthesis must therefore be p-idose and p-gulose, respectively. E and F are the 
alditols derived from С and D, respectively. Alditol E would produce only three C NMR 
signals due to rotational symmetry while F would produce six signals. 


22.41 Therearefourclosely spaced upfieldalkyl signals in the !3C NMR spectrum (6 26.5, 8 25.6, 
8 24.9, 8 24.2), corresponding to the four methyls of the two acetonide protecting groups. 
(The compound is, therefore, the 1,2,5,6-bis-acetonide of mannofuranose, below.) 


о 
о оо 

хо 
HO 
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22.42 The final product is the acetonide of glyceraldehyde (below); two molar equivalents are 
formed from each molar equivalent of the 1,2,5,6-bis-acetonide of mannitol. 


о 
о 
H X 
о 
22.43 The В-апотег сап hydrogen bond intramolecularly, as in: 


О 
Z etel 


Challenge Problems 


H H 
H H 
о 
In contrast, the а-апотег can only hydrogen bond intermolecularly, leading to a higher 
boiling point. 
22.44 =; 
хо H А и A 
о но H o 55 
OMs H — H OH HO НА OH 
H > MsO H H,O MsO H 
H20 H OH H OH 
" of H—— oH H——OH 
OH OH 
II 
ШІ) | 
и О и oH 
н--н 0 
H-4—0H ~~ DL LIUM 
H OH H OH 
H OH H OH 
OH OH 


Iv 


22.45 (a) The proton at Cl. (b) Because of the single neighboring hydrogen (at C2). (c and d). 


H OAc H OAc 
о О 
АсО Y M AcO R 
OA B H 
AcO AcO 5 AcO AcO 
H H OAc 
В-апотет с-апотег 
У VI 
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QUIZ 
221 Supply the appropriate structural formula or complete the partial formula for each of the 
following: 
(a) (b) „ш (с) (4) 
[9] H 

== ЫЯ 
| —с— 

(= | 
| -с- 

== С: | 
| -e 

--С =. 
li кн 

OH 
A ketotetrose A D-sugar An L-sugar Analdose 


(e) 
e H 
H OH 
H OH 
HO H 
H OH 
OH 
D-Gulose 
a-D-Gulo- 
pyranose 


(f) 


B-D-Gulo- 
pyranose 


The compound 
that gives the 
same osazone 
as D-gulose 


(h) 


The compound 
that gives the 
same aldaric 
acid as D-gulose 


22.2 Which of the following monosaccharides yields an optically inactive alditol on NaBH, 


reduction? 

О H о H 
HO H HO H 
HO H H OH 

H OH HO H 

H OH H OH 

“ОН ОН 
А В 
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о H 
HO H 
HO H 
HO H 

H OH 

УОН 
р 


Answer: 
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22.3 Give the structural formula of the monosaccharide that you could use as starting material 
in the Kiliani-Fischer synthesis of the following compound: 


о Н 
Kiliani-Fischer H OH " 
ET 9 HO H + ертег 
synthesis 
H OH 
OH 


22.4 The p-aldopentose, (a), is oxidized to an aldaric acid, (b), which is optically active. Com- 
pound (a) undergoes a Ruff degradation to form an aldotetrose, (c), which undergoes oxida- 
tion to an optically inactive aldaric acid, (d). Supply the reagents for these transformations 
and the structural formulas of (a), (b), (c), and (d). 


(a) (b) 


B-Pyranose form of (a) 


Ruff 
iso 


(c) (d) 


22.5 Give the structural formula of the 8-pyranose form of (a) in the space just given. 


22.6 Complete the following skeletal formulas and statements by filling in the blanks and circling 
the words that make the statements true. 
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The Haworth and conformational formulas of the в-сус с hemiacetal 


о Н 
НО H 
но--н е 9 

of are |(a) and (b) 
H OH 
H OH 
OH (Fill in groups as appropriate) 
D-Mannose 


This cyclic hemiacetal is [< reducing, nonreducing; | on reaction with Вг2/Н2О it gives 
an optically | (d) active, inactive] (e) aldaric, aldonic јасна. On reaction with dilute HNO3 
it gives an optically acid. Reaction of the cyclic 
hemiacetal with converts it into an optically alditol. 


22.7 Outline chemical tests that would allow you to distinguish between: 


о H о H 

H OH H OH 
(a) Glucose | HO H and galactose | HO H 
H OH HO H 

H OH H OH 

NOH NOH 
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OH 
О 
(b) Glucose and fructose | HO H 
H OH 
H OH 
OH 


593 


22.8 Hydrolysis of (+)-sucrose (ordinary table sugar) yields 
(a) D-glucose 
(b) D-mannose 
(c) D-fructose 
(d) p-galactose 
(e) More than one of the above. 


22.9 Selectthe reagent needed to perform the following transformation: 


OH OH 
о О 
OH 7 ОСН; 
— 
но HO 

OH OH OH OH 

го 

(a) СНЗОН, КОН (Ы) д (с) (CH35S04, ОН” 


(d) CH3OH,HCI (е) CH3OCH; НСІ 


LibraryPirate 


LIPIDS 


SOLUTIONS TO PROBLEMS 


23.1 (a) There are two sets of enantiomers, giving a total of four stereoisomers: 


H Br H Br 
жұл OH > OH 
~ xe “6 О 
Br H О H Br о 
+ 


+ 


Br, H 
^ OH 
E T 
H Bro 
erythro 
(a) Br 
Ж он 
b ) 
и "T. ВО, -2- An („г 
н но we nO 
+ 


(+)-threo-9, 10-Dibromohexadecanoic acids 


594 
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Formation of a bromonium ion at the other face of palmitoleic acid gives a result such 
thatthe shree enantiomers arethe only products formed (obtained as a racemic modification). 


The designations erythro and three come from the names of the sugars called erythrose and 
threose (Section 22.9A). 


23.2 (a,b) 


Zingiberene P-Selinene Caryophyllene 
(a sesquiterpene) (a sesquiterpene) (a sesquiterpene) 


Squalene 


(a triterpene) 
за! 
1) О» О н H О 
23.3 (а) ( 
Due Ро зд 
0 О 
| о 
Н 
Мугсепе H 
о 
О H 
ZN ша H, „Н f у 
bol TM d 
(b) (2) Me,S БҸ Ер 
о 
di о 
Limonene 
о о 
(c) a-Farnesene 06 a As 
(see Section 23.3) (2) Мев  ' во 
о 
о 
it К" 
ss + Н 4 
тт т Pu 
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(d) Geraniol Los MENT 
(see Section 23.3) (2)MeS Me2S „Де 


1. 
+ H 
Ll 2 
(e) Squalene ( 2 
(see Section 23.3) @Mes ^ Me,S pu Ay B 
О 


234 (а) О (b) 
Eo + CO, 
(+ further oxidation 


products) 


CI 
(+ rearranged products) 


~ 
~ 
n 


Br? in ССЦ or KMnO; in НО at room temperature. Either reagent would give a positive 
result with geraniol and a negative result with menthol. 


Sæ Series 
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23.7 (b) 
Зо-Нуйгоху-5о -апігоѕїап-17-опе 17о-Етупу!-178-Ппудгоху-5(10)-езиеп-3-опе 
(androsterone) (norethynodrel) 
СНз 
23.8 H3C 
HO % 


H 
Absolute configuration of cholesterol 
(5-cholesten-3f-ol) 


239 Estrone and estradiol are phenols and thus are soluble in aqueous sodium hydroxide. Ex- 
traction with aqueous sodium hydroxide separates the estrogens from the androgens. 


23.10 (а) нс | H A 


Cholesterol 5e,6B-Dibromocholestan-3B-ol 
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(b) 


О 


НО 


ОН 
5a. 6a-Epoxycholestan-3B-ol Cholestan-3p,5o.,6p-triol 
(prepared by epoxidation 
of cholesterol; cf. Section 23.4G) 


(c) 


H;CrO, 


acetone 
HO 


5a—Cholestan-3-ol 5a—Cholestan-3-one 
(prepared by hydrogenation 
of cholesterol; cf. Section 23.4G) 


H3C H 
ч) : А ВНУТНЕ 
oe 
ГДЕ (сЕ. Sect. 23.46) 
HO а “у 
H = 
Cholesterol B 
ех, 
о 
Жә 
— > 


(e) 


H3C 
OB = 
ee 
HO > 
о 
5a, 60t-Epoxycholestan-3B-ol 
(cf. (b) above) 6B-Bromocholestan-3B,5a-diol 
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OH О (0) 


uu. Ho. он * df Sox j ak баз S 


А Ж. 
(b) t t + H3PO4 
Ho LOH клон р Тон 
NH 
di но ~ 2 
(о) T о 9 
с 
но OH + + + НЗРО4 
NE AA, eso 
+ N(CH); X 
3 
но “4 
О о 
Sok Pa HA Же 
2312 (а) CX, Тон + OH |570 + во 
О [9] 
a 
SOCI OH 
Зе он a. ipo M. [^o^ + на 
о Ия о 
он Nok 
ыа i ОК е + на 
(from a) 
О о 
NH3 eds 
(c) хода ae (; NH2 + NH,Cl 
О о 
«СНз NH „СВ + = 
(d) оға (excess) 16 че + (СНз)2М№Н) CI 
CH 
о 
(1) LiAIH4, ЕЬО 
(e) 16 NH) оно ^" Bode 
(from c) 


о 
Во 
(б) ETT Gu Bote 


ФЛ “аы — Мэ, H 


(f ЕО, —78° 16 
: om а, 
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@ i oH (3 МН3 (excess) (excess) ӨН (е 
а њи оно 7 wy "ers 


О 
ЗЕР Ч № OH 
16 Ni 16 
(from a) pressure 


I) LIAIH Et 
кта (D) LiAIH,, Et20 _ “^он 


оно 7 


diesen, "a oo 5. а дон 


Ni 
pressure 
о OH 
, 1) CH. I, EO 
G) H (1) CH3Mgl, Еб Sok 
16 (2) њо, но" 16 


(from 2) 
о 


sad. нео, 
16 acetone 


PB 
(ю ^A. "oH 8 `Ө н 


(from h) 


(1) NaCN 
I Br соосу и OH 
0 he Br (2) H3O* , heat "En р 


(from k) О 


(1)Ag20 


Br 
(a) н ою H 
a ---->- 
`ӨТҮ не h Y оно 
о о 


қ Br он (DOH heat ОН 
— 
~ wr Н оно? чун 
11 11 
о О 
(from a) 
НЕ (1) NaCN £N 
(c) чочу" QHo ^ оре 
11 11 
о [0] 
(from a) 


OH 
11 


“ын; 
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Br 
OH А 
23.14 (а) мр Br? хау Ay 
(E) or (Z) 9 Br О 
О 
wo Phy в. хөр 
(b) А ills яг? (4 OH 
(E) or (Z) Ө 
OH 
aan al (1) 0504, pyridine а o 
— à ^N 
© XX (2) NaHSO,/H,O hy 
(Е) or (Z) % он о 
— кү он А OH 
(d) тт НСІ гащи 
О 
(E)or(Z) cl о 
+ 
СІ 
e VAS 


23.15 Elaidic acid is trans-9-octadecenoic acid (trans-octadec-9-enoic acid): 


Те TEN | 
E сан 
It is formed by the isomerization of oleic acid. 


23.16 A reverse Diels-Alder reaction takes place. 


OH 
23.17. (a) T 6 ва A od. 
4 он 


(b) Infrared spectroscopy 
(c) A peak in the 675—730-cm—! region would indicate that the double bond is cis; a peak 
in the 960--975-cm^! region would indicate that it is trans. 


LibraryPirate 


602 LIPIDS 


23.18 


23:19 


CH; CH; 
и | 
a-Phellandrene B-Phellandrene 


Note: On permanganate oxidation, the ==СН» group of 8-phellandrene is converted to CO2 
and thus is not detected in the reaction. 


Roadmap Syntheses 


H lig. NH C: Na* 
2 iq. NH; 6: 
2 2 
— d + Nes se эч a ius р? 
A 
Шала а 7а ы 
>- 
РР ЧИРЕ ЧЕРЧЕ Қ N 
= в 
B 
= H0 
С 
о 
FW WE и 
D 
о 
шар -— ы. и — "п "E „. 
— 
= OH аваѕе, 
Е 
A la P аи EPI ч Р» ЗН 
О 


Vaccenic acid 
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23.20 


GUNN: л МИ ә” қ” са Ж« 0С 
(10) №аМНә, ід. NH; _ = 
от с 


Масм 
— 


^S Ра P . ИЕ, ДРА Д ОМ (1) KOH 
F — —— 
(2) H30* 


T 


HBr 
-- 


Here we find that epoxidation takes place at Ше less hindered а face (cf. Section 23.40). 
Ring opening by HBr takes place in an anti fashion to give a product with diaxial 
substituents. 


о 


23.22 NEN NE (b) BuLi, ЕБО ъъ 
3. uLi, c 
a H 2 Ж 


(4) МС ey (e) Michael addition using a basic catalyst. 


NO, 
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23.23 First: an elimination takes place, 


о о 


— в МАР --> А + R3N + NH3 


ЕМ 
+ 


Then а conjugate addition occurs, followed by an aldol addition: 


NH; 
+HA 
(0) 
then 
қ NH; к К dehydration 
> 
aldol 
o g Ө ОН HA, heat 
-Н;0 
о Ж 
А сурегопе 
Challenge Problems 
о он о OH о 
23.24 Sok yA 
pee d od 
12 H * рд e 12 oH 
A B [E 
д д 
о ? о р 
р Е 
д 
L Í 
= Sok ено cr 
Pahutoxin 
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23.28 (a,b) The reaction is an intramolecular transesterification. 


“о H—O OH 
й DO = PW + -осюз 


E 
| 
е: 


605 


[9] 
H— OCIO, 
M (1) АГ,-НА 
(2) НА 
"udo OH -HOCIO; м x 
С а ш 
н 20810; 
QUIZ 
231 Write an appropriate formula in each box. 
(a) (b) 
A naturally occurring fatty acid A soap 
(c) (d) 
A solid fat An oil 
(e) (f) 
A synthetic detergent 5о-Езиап-17-опе 
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23.2 Give a reagent that would distinguish between each ofthe following: 


(a) Pregnane and 20-pregnanone 


(b) Stearic acid and oleic acid 


(c) 17a-Ethyny 1-1 ,3,5(1 0)-estratriene-3,17B-diol (ethynylestradiol) and 1,3,5(10)- 
estratriene-3,17B-diol (estradiol) 


23.3 What product would be obtained by catalytic hydrogenation of 4-androstene? 
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23.4 Supply the missing compounds: 


(a) 
H—=Na 
`Ө в SH" Nel 
b 1 с! 
NaNH, © Aw 
—> — ——> 
(d) 


(c) 


(D КОН, H20, heat _ 
(2) Ono — ^ "jy palmitoleic acid 


23.5 The following compound is a: 


> 
(а) Monoterpene (b) Sesquiterpene (c) Diterpene 
(d) Triterpene (e) Tetraterpene 


236 Mark off the isoprene units in the previous compound. 


23.7 Which is a systematic name for the teroid shown here? 
(a) 5a-Androstan-3a-ol 
(b) 58-Androstan-38-ol 
(c) 5a-Pregnan-3a-ol 
(d) 58-Pregnan-39-ol 
(e) 5a-Estran-3a-ol но“ 
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SOLUTIONS TO PROBLEMS 


i О 
248 (а - 
e но“ ^-^ OH 
кн) 
о о 
с 
(c) но у ог 
мн” 
[0] [0] 
70 OH 
NH;* 


[0] о 
(b) ode 
NH; 


predominates at the isoelectric point rather than 


because of the acid-strengthening inductive effect 
of Ше o-aminium group. 


(d) Since glutamic acid is a dicarboxylic acid, acid must be added (i.e., the pH must be 
made lower) to suppress the ionization of the second carboxyl group and thus achieve 
the isoelectric point. Glutamine, with only one carboxyl group, is similar to glycine or 
phenylalanine and has its isoelectric point at a higher pH. 


24.2 Theconjugate acid is highly stabilized by resonance. 


608 


NH, 
йн 27 ~ NH; 
H 
NH»? 
Зара as NH» 
и 
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O EtO 


о 
24.3 (а) Сі + wo ce “052 
Ó 


O EtO 


о. 0 
о- на, ы + со 
E о heat 2 
NH3* о 
о DL-Leucine 
о7 сш OH 
+ 
OH 
Ó 
о OQ о Q 
OEt OEt 
“~™ona NaOH 
(b) N — N wa 
СНз heat 
OEt OFt 
о © 9 
o о 
о о 3 
o OH 
H o B + со + 
за heat + = OH 
|| NH3 
а о DL-Alanine 
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о © 
OEt 
N ak ОМа _ нын 
OEt СН сен “Br 655 
о 
О; #9 
NaOH, + CO, 
"heat ^ ee CoHs 
МН;+ 


DL-Phenylalanine 


OH 
+ 
OH 
о 
H на CN " 
3 НО 
Phenylacetaldehyde 
пе 
мну 


DL-Phenylalanine 


о о 

-.А unm, МУ ша 

(b сн н + w^ ^H CH3S B ium 
оо, 


CN 
њо" e 
eus Sed “и — —- ен; мну 


DL-Methionine 


24.5 Because of the presence of an electron-withdrawing 2,4-dinitrophenyl group, the labeled 
amino acid is relatively nonbasic and is, therefore, insoluble in dilute aqueous acid. The 
other amino acids (those that are not labeled) dissolve in dilute aqueous acid. 
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NO; 


|| | о ON F 
Е нм? 2 
24.6 (а) H3 Да dE / 
| 4 HCO, 
VAG 
за е лае 


МО; A 
ve 
Ё dar алы 


Labeled valine Alanine Glycine 
(separate and identify) 


NO; " [9] МО; | О 
N OH nv o 
ж NH3+ 
aN O2N 


Labeled valine £-Labeled lysine 
[0] 
+ Нм 

o 

Glycine 

Phenyl isothiocyanate 

SCH; н 
—— NH3 
MIR 
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ET OER wo 
ааа add 
5 H 


Ó 
SCH3 Hy 
Phenylthiohydantoin N 
derived from methionine и 
HN NH3 


4 
(1) oC essen S,eH 
и ^ 
kd 


Phenylthiohydantoin S NH3* 
derived from isoleucine R 


24.8 (a) Two structures are possible with the sequence ECG. Glutamic acid may be linked to 
cysteine through its œ- ne group. 


mt Lae 


SH | 
or throughits | — ш 


(b) This result shows that the second structure is correct, that in glutathione the y-carboxyl 
group is linked to cysteine. 
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24.9 We look for points of overlap to determine the amino acid sequence in each case. 


(a) ST 


(b) AC 


24.10 Sodium in liquid ammonia brings about reductive cleavage of the disulfide linkage of 
oxytocin to two thiol groups; then air oxidizes the two thiol groups back to a disulfide 


linkage: 
R 
R R 
1 =>. h m, | 
“sg МН: SH b 
L P . 


2411 Removal ofthe Fmoc group initially involves an elimination reaction promoted by piperidine 
to form the carbamic acid derivative of the amino acid and 9-methylidenefluorene, which 
reacts further with piperidine by nucleophilic addition to form the byproduct. Spontaneous 
decarboxylation of the carbamic acid generates CO, and the free amino acid. 


[9] 
N ов А. 
| Ун. мугон = ae | 5 
H H 
CL цо н eal 


LibraryPirate 


614 AMINO ACIDS AND PROTEINS 


24.12 wi ДО кет. pu P Ou, 


Glycine Di-tert-butyl 
carbonate 


(2) O 
о aK 
Boc-G e 
о о” 
T о 0 " 
HN 
ON Ao Jag з 
О Valine 
Mixed anhydride “Co” “om 
а Эм, 
ur MS "E "Bug ” L 
OEt 
S GV 
ссе нм 
ве 
H . Alanine 
Mixed anhydride 
- Y Др иа ата, 
Boc-GVA "i 
о 


5 j 
= + СО» + a ва. 
н 9 
GVA 
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E 
Х 
2443 (а) 2C,H,7 707 “СІ + HN мн, ОН» 


Benzyl chloro- Lysine 
formate 


N 
is i "- 
О. ОЕ о o 
о. LO т 
ЈИ њи ш 
СН; “0 ^N NT uy па 
| | -C05,—-^ Тон 
H H 
[9] 
ХА. 
о „МН 
HBr 
сөн» ^о T N^ g^ gH, “о 
| 
Н H OH 
cold 
о 
x eoe 
О. NH 
2CgHg"^ Br + 2СО› + PT d 


KI 
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в 6 
зс "o “а + = bd NH) ——= 


25°C 
NH 
CeHs~_-O_ О о. „ОН 
N | ДРЕ À. Ша: 
Cels OS ааа wy нрав, Bo A 
H 
O NH ми 
ОЕ! 
C6Hs о О 0. 07 
ioe ў "n 
Раабе din 8 ke aes, Es  — 
à ја м” Сбь,- он 


СН «Оо „о Ох МН HBr 
ој жн me at 


сень "^ gg + 3C0, + BN, AN 


NH RA 


24.14 The weakness of the benzyl-oxygen bond allows these groups to be removed by catalytic 
hydrogenolysis. 


24.15 Trifluoroacetic acid protonates the carbonyl group oftheester linkage joining the resinto the 
peptide. Heterolysis of the ester linkage then yields the relatively stable benzyl-type carbo- 
cation at the point of attachment. Acid hydrolysis of the amide linkages (peptide bonds) re- 
quires more stringent conditions becausethe fragments produced are not similarly stabilized. 


о 
HG Д 
А оза 
Polymer nod 224 peptide | ^^ 
Her 
Pol О tid 
olymer Bodl :: peptide 
“Он 
if 


о eptide 
ume = тура кит 
OH 
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catbodiimide 


“ | 
` БА 
о Fmoc 


Fus in DMF 


бољу 


HO Fmoc 


К 


C6H5 
and 
Diisopropylcarbodiimide 


Пери in DMF 


C6H5 


and 
Diisopropylcarbodiimide 
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1. Add Ala-Fmoc. 


2. Purify by washing. 


3. Remove protecting group. 


4. Purify by washing. 


5. Add Phe-Fmoc. 


6. Purify by washing. 


7. Remove protecting group. 


8. Purify by washing. 


9. Add protected Lys. 
(Side-chain amino 
group protected 
by Boc.) 
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H C6H5 H 
р РИБ 
N N 
~ 
oy N Fmoc 
жон 


10. Purify by washing. 


Y Y 
о 
| иа in DMF 11. Remove Fmoc 


protecting group. 


C6H5 


H 
о | о 
ODK N NH) 12. Purify by washing. 
о N 
o | 
H 


, Tr 


13. Detach tripeptide and 


CF. OH 
У remove Lys side-chain 
Boc group. 
H CeHs 
о | о 
Фа N NH, 14. Isolate product. 
OH + то N 
o | 
H 
Да 
КЕА H3N 
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Problems 


Structure and Reactivity 


24.17 (а) Isoleucine, threonine, hydroxyproline, and cystine. 


coy со» 
o) НАН аа HÑu 
CH; ——H H—— CH, 

CH; сн; 
m CH; 

соу 

Ен 

Ен 
CH3 

СО» 


Tan 


(With cystine, both chirality centers are a-carbon atoms; thus, according to the problem, 
both must have the L-configuration, and no isomers of this type can be written.) 
(c) Diastereomers 


i о 
Br 
24.18 (a) Pa dea (b) bans 
қ миз“ 
но ^v^ МНз+ 


Вг 


Го 
(c) C&Hs N 
Y ч 
о 
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24.19 (a) CO; 


CO2CH3 СОСН; 
i] HCI НЕ r РСІ; + r 
НМ—-Н нон” ВИН СГ --- вн С 
СН2ОН СН2ОН СН2С! 
(-)-Serine A B 
(C4Hj9CINO3) (СНС, NO2) 
T CO; CO; 
(1) НО”, H20, heat Т % | Na-Hg ü ü | 5 
(2) OH- el dil HO* a | 
CH3CI CH3 
C L-(+)-Alanine 
(C3HgCINO;) 
CO,CH; CO,CH; 
() B ОС, нм н Мын, ux |o 
СНС! CH3SH 
D E 
(С4НкСІМО;) (C4HgNO5S) 
Е: СО» 
(1) H30”, НО, heat H M H 
(2) ОН- E 
CH3SH 
L-(+)-Cysteine 
соу CO; CO; 
+ NaOBr, ОН“ МН; + 
(о) нэн Hofinann нм-|-н 4 ы н 
CH3CNH; rearrangement CH2NH2 CH3CI 
[ Е с 
L-(-)-Asparagine (C3H7N20?) [from part (a)] 
о OEt о ОЕ! 
21 О 
24.20 (a О КЕС. „зб ONa 
| pen Ж 
|. ir | o^ “ов 
H 
G 
concd НС! О ө [9] 
reflux 6h A а ps У NH,* + СО, 
(66% yield) НО а о ОН 
NH} 


DL-Glutamic acid 
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о OEt Oy OEt 
м o ~ О 
"И mN | АД, NH; 
N CN 68 С, 1900 psi us 
| o^ og (9096 yield) | o^ Тов 
H H 
G 
О О 
-~~on во coned HCl 
reflux 4h о КН сг 
HN (97% yield) МН;? 
& № j^ ; 
ж DL-Ornithine hydrochloride 
О О 
H + P 57 Xon 
OH 


24.21 At pH 2—3 the у-сафоху! groups of polyglutamic acid are uncharged. (They are present 
as -СО;Н groups.) At pH 5 the y-carboxyl groups ionize and become negatively charged. 
(They become y-C@,~ groups.) The repulsive forces between these negatively charged 
groups cause an unwinding of the о helix and the formation of the random coil. 


Peptide Sequencing 


24.22 Welook for points of overlap: 


ES 
PGF 
PP ӨРЕ 
RP FR 


RPPGFSPFR 
— ——À 


Bradykinin 


24.23 1. This experiment shows that valine is the N-terminal amino acid and that valine is 
attached to leucine. (Lysine labeled at the ¢-amino group is to be expected if lysine is not 
the N-terminal amino acid and if it is linked in the polypeptide through its а-апипо group.) 


2. This experiment shows that alanine is the C-terminal amino acid and that it is linked to 
glutamic acid. 

At this point, then, we have the following information about the structure of the hep- 
tapeptide. 


VL (A, K,F)EA 
= 


Sequence 
unknown 
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3. (a) This experiment shows that the dipeptide, A, 15: Г. К 
(b) The carboxypeptidase reaction shows that the C-terminal amino acid of the 
tripeptide, B, is glutamic acid; the DNP labeling experiment shows that the N-terminal 
amino acid is phenylalanine. Thus, the tripeptide B is : F A E 

Puttingthese pieces together in the only way possible, we arrive at the following amino acid 

sequence for the heptapeptide. 


VL 
LK 
FAE 
EA 
VLKFAEA 


Challenge Problem 


24.24 The observation that the ЇН NMR spectrum taken at room temperature shows two different 
signals for the methyl groups suggests that they are in different environments. This would 
be true if rotation about the carbon-nitrogen bond was not taking place. 


8805 H СНз 82.95 
\ у 


f —N 
е ы 62.80 


Weassign the ô 2.80 signal to the methyl group that is on thesame side as the electronegative 
oxygen atom. 

The fact that the methyl signals appear as doublets (and that the formyl proton signal is 
a multiplet) indicates that long-range coupling is taking place between the methyl protons 
and the formyl proton. 

That the two doublets are not simply the result of spin-spin coupling is indicated by 
the observation that the distance that separates one doublet from the other changes when 
the applied magnetic field strength is lowered. [Remember! The magnitude of a chemical 
shift is proportional to the strength of the applied magnetic field, while the magnitude of a 
coupling constant is not.] 

That raising the temperature (to 111°C) causes the doublets to coalesce into a single 
signal indicates that at higher temperatures the molecules have enough energy to surmount 
the energy barrier of the carbon-nitrogen bond. Above 111°C, rotation is taking place so 
rapidly that the spectrometer is unable to discriminate between the two methyl groups. 


LibraryPirate 


AMINO ACIDS AND PROTEINS 623 


QUIZ 


24.1 Write the structural formula of the principal ionic species present in aqueous solutions at 
pH 2, 7, and 12 of isoleucine (2-amino-3-methylpentanoic acid). 


AtpH -2 At pH =7 AtpH=12 
(a) (b) (c) 


24.2 А hexapeptide gave the following products: 


ом F 
О; њо* о,м N HN 
i 2 
Hexapeptide HCO; 
NO OH [9] OH 
— Proline (P) 
2 3NHCI, 100° C 
Hexapeptide  —— ————— 2G, 1L,1E1B1Y 


А IN HCI, 80° C 
Hexapeptide -——————+ ЕСУ + СЕС + PLG + LGF 


The structure of the hexapeptide (using abbreviations such as С, L etc.) is 
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SOLUTIONS TO PROBLEMS 


25.1 Adenine: 


NH3 NH NH 
H 
N > N е N 
Ср Cy = Oy ae 
ЗЕР ‘4 Sd 
H H H | 


H 
Guanine: 
О OH OH 
H 
N N < N 
4 ІЗ --« Y^ x CY === and so оп 
T {е чын, ? ye sio; | T 
H H H | 
Cytosine: 


NH; NH NH 
H H 

@ М --- ж И = Cx — > апа 50 оп 

y^ y^ м” “он 

H H 


Thymine(R = CH3) or Uracil (R = H): 


OH 


о OH 
sh AH R ~ R ~ 
| N ee! т == C === and so оп 
xo no =н 
н н 


624 
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25.2 (a) The nucleosides have an N-glycosidic linkage that (like an O-glycosidic linkage) is 
rapidly hydrolyzed by aqueous acid but is one that is stable in aqueous base. 


H 
(b) HO. WE HO М У 
ч Ж 
Ом | *H40* б» 5 
Жж-- +H,0 === 
-H30* 
OH OH 
Nucleoside 
HO 
+ 
Ow H ^w 
i | 
Н 
он Heterocyclic 
base 
~! +H20 
HO | HO ӨН HO is 
о 2 -H,0* о x OH 
+ НО <-> 
+H,0* 
OH ОН. 
Deoxyribose 
25.3 с “е 
Мо. 
ашы” 
C6H5 сұн; ЕО mee 


Oo 0 
y Т 
о 

о о 
H 
14 _ S amide | H ,,"" он | м< 
“formation > mation 
HO a Coy) m yo бо 


25.4 (а) The isopropylidene group is part of a cyclic acetal and is thus susceptible to hydrolysis 
by mild acid. 
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NUCLEIC ACIDS AND PROTEIN SYNTHESIS 


(b) It can be installed by treating the nucleoside with acetone and a trace of acid and by 
simultaneously removing the water that is produced. 


HO HO 
base base 
о О 
" cat. HA 
-H20 
OH OH о © 
(a) Cordycepin is 
HO о Ад 
Н, Н (3'-Deoxyadenosine) 
H H 
H OH 
(b) HO о Ad ен С 0 B Ad 
12 
SEt H as | Н Vu 
2, 
H H H H се 
H OH H 0) 
\ 
же 
e 
CI 
HO HO 
| Сы РОНЕ H EtS Н, H H 
о H H H H RaneyNi H H 
© H OH H OH H 
T ie" 2'-Deoxyadenosine 
H H H 
NM 
О: 
/ 
H 
34A 10790 ~ 


(а) 3 x 10° base pairs x іт 


-2 E 
(b) 6 x 10712 дит 


10 Базе рай (^ À = 
x 65 x 10% ома=4х 10722 


(а) 


iig enses о H 
H 

Lactim form Thymine 

of guanine 


(b) Thymine would pair with adenine and thus adenine would be introduced into the com- 
plementary strand where guanine should occur. 
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25.8 (a) A diazonium salt and a heterocyclic xi^ of a phenol. 


Cy =. с = =. c 


/ 
R R 
= ‹ SUR 
2 Hypoxanthine 
nucleotide 
H 
Е / 
(b) dn Ote sess H-N 
N жы 
/ N-H------- УМ 
H N=/ У N 
N 
о H 
Hypoxanthine Cytosine 
1 1 
(c) Original double strand i ----------- m 
First replication | | 
HERE c V Xu LR T 


| No errors in 
| daughter strands 


Errors | | 
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25.10 (a) ACC | CCC | AAA | AUG | UCG | mRNA 
1 1 1 L 1 
(b) T | Р | K | M | S | Amino acids 
(c) UGG ! ССС ! UUU ! UAC ! AGC | Anticodons 
25.11 В + 1 G Y ; У | Amino acids 
(a) AGA | AUA | UGC | UGG ! GUA | mRNA 
(D ТСТ | Tar | АСС | ACC | CAT | DNA 
| | 
(с) UCU ! UAU ! ACG ! ACC ! CAU | Anticodons 
Problems 


Nucleic Acid Structure 


25.12 


о 
"m NH 
N^ ^N^ “мн, 
но— 4 
МН» 
о он 
-— | CN 
| no 
“Si di 
OH OH 
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25.13 о 


NH) 
O OH 
т” — а 
са 
о 


OH OH 


Mechanisms 


25.14 ionization of the benzoyl group at the anomeric carbon (СІ) is assisted by the carbonyl 
oxygen of the C2 benzoy! group, resulting in a stabilized cation blocked from attack on the 
a-face. 


HO 
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A A 
о о NH3 OH о NH) 
CHO CH,0 
3 „ОСНз 3 \ 
--х 
СНз N NH СНз N NH 
о OH 
Mitomycin A Leuco-aziridinomitosene 
Protonation 
and ring 
opening 


о о 


он” a, OH ae NH; 
СВО E СНО \ 
m — + 
CH; N CH, N 
OH NH; OH NH) 


Resonance-stabilized cation intermediate 


о 
Alkylation by №2 of a А рыш по 
deoxyguanosine in DNA ГА о о МН; 


CH;0 


о о 
"— 
OH о ми» | y г 
EN :ОН NH 
CH30 N N қ ma 0 2 
„МН е 
ү 2'-Ое‹ ib izati 
iba Ж охуг іш емее 
DNA 
OH NH; 


A monoadduct with DNA 9 а NH5 
CH,O H 
Second alkylation by №2 of H 
: CH; N 
another deoxyguanosine 
in DNA о мн; 


1-Dihydromitosene А 


е“ 
Т” 0 
2-Deoxyribose” NH 


| N= о 


OH HN % 

CH30 mes к; 
3 NH N Ч DNA 
2'-Deoxyribose 


OH NH DNA 
A cross-linked adduct with DNA 
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25.16 Rib Rib 
N N 
КД a 
1 
62102 (2061) 
о DT o 
di. 0 
H H i 
A cb X. "à 
G2482 a: 22 ж n. 
— О S 
CEA ОК, У № 
XN / 
+ 4 P. қ NH О 
Ri za á d E Rib EN d pi 
= T N—H 
5 и" : ша. 
dr 
Es А2485 (2450) 9 E A2485 (2450) 0 
=] 
iS 
mo) О 
Өм 
bá feo 
о о 
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АЛ 


А.2 


A.4 


632 


SPECIAL TOPIC 
ЗС NMR Spectroscopy 


Analysis of the molecular formula C5H;9O indicates ап IHD = 1. Structural possibilities 
are: a C=C, a C=O, ora ring. 

The ô 211.0 signal must be due to a carbonyl group. The remaining С „Но is represented 
by only two signals in the alkyl group region, suggesting symmetry in the molecule and two 
unique carbons. 

Two CHCH, groups must be present, with the СН; giving rise to the signal at à ~10 
and the CH; giving the signal at ô ^37. 


о 


Hence, the structure is € 


Qualifying structures are: 
о 


о 
and ДД. 
H 


Each will give four ЗС NMR signals, one of which is due to the carbonyl group (5 211.0). 


OH ко RT 


(a) (b) СІ 
4 signals 6 signals 
(c) 
6 signals 
(a) 5 signals (d) 6 signals 
(b) 7 signals (e) 4 signals 
(c) 8 signals 
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AS (a) 23993 4 signals 
Вг 
(b) i 7 6 signals 
cl 
Br Е 
(с) T ne a 4 signals 


LibraryPirate 


SPECIAL TOPIC 
Chain-Growth Polymers 


B. (a) 


Ph Ph Ph Р Ph Ph 
Atactic polystyrene 
(Ph = C6H5) 


Ph Ph Ph Ph Ph Ph 
Syndiotactic polystyrene 
(Ph = СН5) 


Ттт 


Ph Ph Ph Ph Ph Ph 
Isotactic polystyrene 
(Ph = C6H5) 


(b) The solution of isotactic polystyrene. 


634 
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SPECIAL TOPIC 
Step-Growth Polymers 


SOLUTIONS TO PROBLEMS 


OH о 
о 
02 HNO3 OH 
C. (a) -- > + —== но 
cat. cat. о 


+ №0 
о 
ОН 2мн 
(b) un ety ==> мн, 70 
о 
о 
heat NH, 350°C _ NC қ” ав A AH 
—2 н.о gy catalyst CN ‘catalyst 
о 
қызыға, a 
H3N 
Cl; 
Ва Ви. Са 2 NaCN em Hp 
< CN Ni 
NH 
NC 2 „ар Иа АНА 
мор ы: е 
CN catalyst H2N 


О 
( ) 2 НС! 2 NaC 


4H2 
— 
catalyst 


Px Pym 
HN 


635 
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C2 (à НО Now + во — (ON Хон + HB 


о 
OCH | +o 
RO ЧОН 
Ó 
> 
pet, IB gos AR 
RO OCH, ` RO 
+ CH0- 
[R=CH;- оно X] 
CHO + HB === CHOH + № 
+OH 
РА OCH; HA осы; * ~ “он 
RO "C ЖО а >... 
“““-он 
о 
OH OH 
Р аты а ^ dish 
о = OH 
19 н — | 
RO Ñ ва 2 А 
CH3 CH3 
о о 
+OH 
QoS, a 
-снзон LAT 
RO E C 
+ СИОН CHA — 
Ó 
о 
он 
diii a 
[R- СНз оно ~ ] о 
RO 
0 
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о 
C3 (а) 
OCH; , HO 
CH30. OH 
о 


(b) By high-pressure catalytic hydrogenation 


о o о о 
C.4 etc. Хо аа. б jaj aii ü ^ч еїс. 
о 4 Š о 
о о о о о 0 & ete. 
о | 97770 
нё ALTE ETL 
о 


pyridine 


а д» Жы i 
HO OH 

ОО. 

о о 

n 


Lexan 
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С.6 (a) The resin is probably formed in the following way. Base converts the bisphenol A to a 
double phenoxide ion that attacks a carbon atom ofthe epoxide ring of each epichlorohydrin: 


cl «Де : © (3 й + aw — 
10 O:- 
(© (©! сг, 


„ДУ, 
УС чр 
ҮТ mv 

то Ог. о 


Доо оо. 


(b) The excess of epichlorohydrin limits the molecular weight and ensures that the resin 
has epoxy ends. 
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(c) Adding the hardener brings about cross linking by reacting at the terminal epoxide 
groups of the resin: 


H 
| 
М ЯҒ _ ~ polymer 
мач кеча + та. b — 


OH ii " OH OH 
ANA Is Алам AS lis 
OH 
polymer 
HO 
" OH OH 
BNA AINA polymer „А 2 
| 
ii о o 
N О 
C3 (а) | NN veo c а “тобу 
О © 
2 “снз Н |, 


(b) To ensure that ће polyester chain has —CH2OH end groups. 


C.8 Because the para position is occupied by a methyl group, cross-linking does not occur and 
the resulting polymer remains thermoplastic (See Section C.4.) 
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сз он "OH 
FH ы. 
A. ju 
HA та 
Еа = y RT Se 
H OH 


OH 


OH “он “он 
ОН А но OH P 
———— r 
(as before) (as before) 
OH OH 
—— + 
OH OH 


OH OH OH OH *oH 
HO + » HO ж @ mM 
— еіс. 
—— ў 
1AT 
OH OH 
OH 


— > Bakelite 
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SPECIAL TOPIC 
Thiols, Sulfur Ylides, and Disulfides 


SOLUTIONS TO PROBLEMS 


О 
0.1 (а) Өз. + СНҙ--5(СН))) --- (у + CH4SCH; 
о 
(b) O + СН;--5(СН;); EE. "T CH3SCH; 


NH2 dy" ou 
ча O, Ao 
ын, | Фоно, H20 


НО, 


Вг SH 


B 
D.4 = Nn =, в. А ,он ae нѕ А он 


641 
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642 SPECIAL TOPIC D 


о 
P О. 
0.5 (а) С! Bod А T^ this step is the Friedel-Crafts alkylation 
о of an alkene.) 
(b) SOCI; 
SH 
(c) 2CgH,—/ алакон 
(d) H30+ 
о 
(е) е OH 
S 15 
| | 
Hi H 
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SPECIAL TOPIC 
Thiol Esters and Lipid Biosynthesis 


SOLUTION TO PROBLEM 


ЕЛ ~. s 
H НА, H 
О > о Ж 
Farnesol 


Bisabolene 
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SPECIAL TOPIC 
Alkaloids 


SOLUTIONS TO PROBLEMS 


ЕЛ (a) The first step is similar to a crossed С laisen condensation (see Section 19.2B): 


о 
о 


қ АСУ on, (7 
OEt * O | о 
2 Т N N 


B | 
CH; 


(b) This step involves hydrolysis of an amide (lactam) and can be carried out with either 
acid or base. Here we use acid. 


H 
| 


о о " 
N N 
$ M B ES 
Њо ~ СНз heat сү CH3 
н.о » б : е 
М 


м HO 


(c) This step is the decarboxylation of a B-keto acid; it requires only the application of heat 
and takes place during the acid hydrolysis of step (b). 


(d) This is the reduction of a ketone to a secondary alcohol. A variety of reducing agents 
can be used, sodium borohydride, for example. 


NaBH, ~ < 
---->- 


\ 


(e) Here we convert the secondary alcohol to an alkyl bromide with hydrogen bromide; 
this reagent also gives a hydrobromide salt of the aliphatic amine. 


Br " 
+ 
Вг” 
SS ~ 
HBr | CH; 
heat T 
N 
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(f) Treating the salt with base produces the secondary amine; it then acts as a nucleophile 
and attacks the carbon atom bearing the bromine. This reaction leads to the formation of a 
five-membered ring and (+) nicotine. 


pe | 
А -- :N 
base | b “сн š base os | N 
-HBr D -HBr | | 
N N сн; 


Ғ2 (а) The chirality center adjacent tothe ester carbonyl group is racemized by base (probably 
through the formation of an anion that can undergo inversion of configuration; cf. Section 


18.3A). 
CH3 
ips 
N 
(b) 
[0] H 
= OH 
Сена Н 
ЕЗ (а) CH3 
/ 
N 
О. ОН 
| ~ OH 
HO ^H 7 
Tropine (+) Tropic acid 


(b) Tropine is a meso compound; it has a plane of symmetry that passes through 
the Уснон group, the Уман group, and between the two —CH»- groups of the 
five-membered ring. 


В Мењ-снон -— plane of symmetry 
H3C 4 
™CH—CH) 
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(с) CH3 
% 
N 
H OH 
y-Tropine 
Е4 Ta pn 
Cy 5 „©з 
њо CH (1) (D Аво/ НО 
ja 7 heat 
CgHi3N Сонм! 
== 
H3 б, СНз 
мсн Г 
сн (1) (ПА О/НДӘ _ но 
ci |” heat 
CoH,5N CioHigNI 


F.5 One possible sequence of steps is the following: 


О о 
-н»О,+ Н? 
+ CH;NH; = H 
+Н20, -H* ZN— СНз 
Фа 
о 


О Mannich 
reaction (See 
OH "- Section 19.8) 
enolization 
о 
о OH 
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-H30,- H* 
N Qm at 


ht MN -H* enolization 


<< 


Ши 
— n 
Mannich -2 СО; 
reaction (See 5 


Section 19.8) 


CH; 
/ 
N 
Ca 
\ 
о 
Tropinone 
F6 CH;0 CH3O 
сн;о _ сю * 
CH30. P4019 
heat (-Н;О) 
H30. 
а сњо 
СН» МО5 
сн;о CH;0 - 
CH3O Pd CH30 
s 
CH30. heat (-Н;) CH30. 
CH30 + CH30 
Dihydropapaverine Papaverine 
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Е7 А Diels-Alder reaction was carried out using 1,3-butadiene as the diene component. 


Е9 (а) A Mannich reaction (see Section 19.8). 


(b) 
о —H30, +H* 
p's + HN(CH3)2 CH? —N(CH3) 
H H 
IN 
N 
| 
H 
H 
N(CH3)2 | МСН; 
у 
+N ні T 
| 
H H 
Gramine 
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Carbon-Carbon Bond-Forming and Other Reactions 
of Transition Metal Organometallic Compounds 


COH H3CO 
G.1 к. (b) LÀ 
е 
2 “соҙсн; O 


О 
са (а) 
в + A m LA PS I 
| 
7 xX X =Cl, Br or I 
х 
s ДУ d o 
NC < 
QS 


[9] 
В(ОН) 
SS 
са СУ : за. 
в ~~ 
ДЕН 
G.5 (a) EN (b) ри 
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О о 
(с) Ж (4) Ж СОЕ 
t-Bu ON 
I 
Sang LY Н Виза ~ 
t-Bu 
+ 
(b) СІ све 
1 
OH H3CO 
CF? (ак S .— (b) 
EE — СОСН; 
cl 
+ 
са) e e » 
О 
b 
©) во + н—==== Si(CH3) 
Br 
о. 0. „СН; OTDBMS 
че че H 
G9 (à yx (b) 
+ === | Чар == 
= N 
о 
уз EN © о 
о [6] 
(с) Ме N (d) m ^H 
+ = 
T = \ ( 
C6H5 
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С.10 raw a Br Li „ыг Li Cul Awe CuLi 


(25363, oy РЬ , ou Sag Sea Sag = 
Е > 
би ува , Г) == е 
I За 4 


СА! A syn addition of D» to the ans alkene would produce the following racemic form. 


D D 
He, «СОЕ! , p, Фра 
77“ М н2-% “СОЕ + 
EtO2C H нос H 
Нн СОЕ 
EtO4C SH 
D D 
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Electrocyclic and Cycloaddition Reactions 


SOLUTIONS TO PROBLEMS 


H.1 


H.2 


H.3 


652 


According to the Woodward-Hoffmann rule for electrocyclic reactions of 4n x -electron 
systems (Section H.2A), the photochemical cycliaation of cis, trans-2,4-hexadiene should 
proceed with disrotatory motion. Thus, it should yield trans-3,4-dimethylcyclobutene: 


Ce Ce — 


H ; == н CH; + enantiomer 
CH; H disrotatory 
CH; H 
cis, trans-2,4-Hexadiene trans-3,4-Dimethylcyclobutene 
CH3 СН; 


V2? of a hexadiene 
(Section H.2A) 


(b) This is a thermal electrocyclic reaction of a 4л z-electron system; it should, and does, 
proceed with conrotatory motion. 


hv heat 
H3C зае: = H H = 
conrotatory 


H H disrotatory 
CH; CH3 
trans, trans-2,4-Hexadiene cis-3,4-Dimethylcyclobutene 
H "4E CH3 
CH; H 


cis, trans-2,4-Hexadiene 
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Here we find that two consecutive electrocyclic reactions (the first photochemical, the 
second thermal), provide a stereospecific synthesis of cis, trans-2,4-hexadiene from trans, 
trans-2,4-hexadiene. 


H.4 (a) This is a photochemical electrocyclic reaction of an eight -electron system-—a Ал 
z-electron system where м = 2. It should, therefore, proceed with disrotatory motion. 


7 \ hv 
EN 2 (disrotatory) 


СНУ И CH сн; т CH; 


cis-7,8-Dimethyl-1,3,5-cyclooctatriene 


(b) This is a thermal electrocyclic reaction of the eight л -electron system. It should proceed 
with conrotatory motion. 


УДА ыз heat 


(conrotatory) 


CH3 H H СН; 


cis-7,8-Dimethyl- 1 ,3,5-cyclooctatriene 


Н.А (a) This is conrotatory motion, and since this is a Ап л-е!есігоп system (where л = 1) it 
should occur under the influence of heat. 


heat 
H4CO,C COCH, - А Nenon 
(conrotatory) СОЭСН; H 
Nen Ан 


(b) This is conrotatory motion, and since this is also a 4n z-electron system (where n = 2) 
it should occur under the influence of heat. 


И \ heat 
NO (conrotatory) 


CH; H H CH НУ! са; 
қ Nor | НС H 
+ enantiomer 


(c) This is disrotatory motion. This, too, is a 4n л-е!есігоп system (where n = 1); thus it 
should occur under the influence of light. 


hv ч 
(disrotatory) - ) 
Син) ala 
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H.6 (a) This is a (4n + 2) ;r-electron system (where » = 1); a thermal reaction should take 
place with disrotatory motion: 


(C | (disrotatory) 


ғ 


(b) This is also a (4n + 2) x-electron system; a photochemical reaction should take place 
with conrotatory motion. 


(conrotatory) 
= H 


H.7 Here we need a conrotatory ring opening of trans-5,6-dimethyl-1,3-cyclohexadiene (to 
produce trans,cis,trans-2,4,6-octatriene); then we need a disrotatory cyclization to produce 
cis-5,6-dimethyl-1,3-cyclohexadiene. 


fe e Ио аш 
------ ——>» 
(conrotatory) (disrotatory) 


CHy ~H H CH; 
ні сн е “> 
trans-5,6-Dimethyl-1,3- trans,cis,trans-2,4,6- 
cyclohexadiene Octatriene 


H H 
cis-5,6-Dimethyl- 1 ,3- 
cyclohexadiene 


Since both reactions involve (Ап + 2) z -electron systems, we apply light to accomplish the 


first step and heat to accomplish the second. It would also be possible to use heat to produce 
trans, cis,cis-2,4,6-oCtatriene and then use light to produce the desired product. 
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H.8 The first electrocyclic reaction is a thermal, conrotatory ring opening of a 4n x -electron 
system. The second electrocyclic reaction is a thermal, disrotatory ring closure of a (4n + 2) 
z--electron system. 


All three 
trans double 
__ће , bonds are 
: | involved in 
св] | (conrotatory) р. арт 
reaction. 


cis 
M NN heat 
This double bond (disrotatory) 
is not involved in 
the first reaction. 
A 


T 


H.9 (a) There are two possible products that can result from a concerted cycloaddition. They 
are formed when cis-2-butene molecules come together in the following ways: 
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(b) There аге two possible products that can be obtained from ¢rans-2-butene as well. 


CH; 


CN CN 


Enantiomer 


LibraryPirate 


APPENDIX 
Empirical and Molecular Formulas 


Inthe early and middle 19th century methods for determining formulas for organic com- 
pounds were devised by J. J. Berzelius, J. B. A. Dumas, Justus Liebig and Stanislao Canniz- 
zaro. Although the experimental procedures for these analyses have been refined, the basic 
methods for determining the elemental composition of an organic compound today are not 
substantially different from those used in the nineteenth century. A carefully weighed quan- 
tity of the compound to be analyzed is oxidized completely to carbon dioxide and wa- 
ter. The weights of carbon dioxide and water are carefully measured and used to find 
the percentages of carbon and hydrogen in the compound. The percentage of nitrogen 
is usually determined by measuring the volume of nitrogen (№2) produced in a separate 
procedure. 

Special techniques for determining the percentage composition of other elements typ- 
ically found in organic compounds have also been developed, but the direct determina- 
tion of the percentage of oxygen is difficult. However, if the percentage composition of 
all the other elements is known, then the percentage of oxygen can be determined by 
difference. The following examples will illustrate how these calculations can be carried 
out. 


EXAMPLE A 


A new organic compound is found to have the following elemental analysis. 


Carbon 67.95% 
Hydrogen 5.69 
Nitrogen 26.20 
Total: 99.84% 


Since the total of these percentages is very close to 100% (within experimental error), we can 
assume that no other element is present. For the purpose of our calculation it is convenient 
to assume that we have a 100-g sample. If we did, it would contain the following: 


67.95 g of carbon 
5.69 g of hydrogen 
26.20 g of nitrogen 


In other words, we use percentages by weight to give us the ratios by weight of the 
elements in the substance. To write a formula for the substance, however, we need ratios by 
moles. 
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We now divide each of these weight-ratio numbers by the atomic weight of the par- 
ticular element and obtain the number of moles of each element, respectively, in 100 g 
of the compound. This operation gives us the ratios by moles of the elements in the 
substance: 


67.958 


— = 5.66 mol 
12.01 в тој“ 
_ — _ — 5.64 mol 
1.008 р mol-! 
= 20200 = 1.87 mol 
14.01 р тој“! 


One possible formula for the compound, therefore, is С566Н564 | ат. 

By convention, however, we use whole numbers in formulas. Therefore, we convert 
these fractional numbers of moles to whole numbers by dividing each by 1.87, the smallest 
number. 


C 5.66 = 3.03 which is ~ 3 
1.87 
5.64 К, 
н 187^ 3.02 which is ~ 3 
м IL ua 
1.87 


Thus, within experimental error, the ratios by moles are3 C to 3 H to 1 N, апа C4H5N is 
the empirical formula. By empirical formula, we mean the formula in which the subscripts 
are the smallest integers that give the ratio ofatoms in the compound. In contrast, a molecular 
formula discloses the complete composition of one molecule. The molecular formula of 
this particular compound could be C3H3N or some whole number multiple of Сз H3N; that 
is, СНМ, СоНоМз, СН Ма, and so on. If, in a separate determination, we find that the 
molecular weight of the compound is 108 + 3, we can be certain that the molecular formula 
of the compound 15 СНМ). 


FORMULA MOLECULAR WEIGHT 


C,H3N 53.06 
Co6HgN2 106.13 (which is withinthe range 108 +3) 
CoHoN3 159.19 
СНМ 212.26 


The most accurate method for determining molecular weights is by high-resolution 
mass spectrometry (Section 9.17C). A variety of other methods based on freezing point 
depression, boiling point elevation, osmotic pressure, and vapor density can also be used to 
determine molecular weights. 
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EXAMPLE B 


Histidine, an amino acid isolated from protein, has the following elemental analysis: 


Carbon 46.38% 

Hydrogen 5.90 

Nitrogen 27.01 

Total: 79.29 

Difference 20.71 (assumed to be oxygen) 
100.0096 


Since no elements, other than carbon, hydrogen, and nitrogen, are found to be present in 
histidine, the difference is assumed to be oxygen. Again, we assume a 100-g sample and 
divide the weight of each element by its gram-atomic weight. This gives us the ratio of 


moles (A). 
(A) (B) (C) 

с 4638 = 3.86 226 = 2.99 x 2 = 5.98 ~6 carbon atoms 
12.01 1.29 
5.90 5.85 

Н —— =5.85 ----4.53 x 2 = 9.06 ~9 hydrogen atoms 
1.008 1.29 
27.01 1.93 А 

N woa 1.93 (77 - 1.50 x 2 — 3.00 — 3 nitrogen atoms 

[0] 2080 --.1:29 429 = 1.00 x 2 = 2.00 = 2 oxygen atoms 
16.00 1.29 


Dividing each of the moles (A) bythe smallest of them does not give a set of numbers (B) 
that is closeto a setof whole numbers. Multiplying each ofthe numbers incolumn (B) by 2 
does, however, as seen in column (C). The empirical formula of histidine is, therefore, 
C6HoN30>. 

In a separate determination, the molecular weight of histidine was found to be 158 + 5. 
The empirical formula weight of CgHgN302(155.15) is within this range; thus, the molecular 
formula for histidine is the same as the empirical formula. 


PROBLEMS 


АЛ What is the empirical formula of each of the following compounds? 


(a) Hydrazine, N2H4 (d) Nicotine, CioHj4N 
(b) Benzene, CgHg (e) Cyclodecane, C |0 Но 
(c) Dioxane, Сан; О; (f) Acetylene, C2H2 


A.2 The empirical formulas and molecular weights of several compounds are given next. In 
each case, calculate the molecular formula for the compound. 
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EMPIRICAL FORMULA MOLECULAR WEIGHT 


(a) СН;О 179 +5 
(b) CHN 80 +5 
(c) ССІ; 410 + 10 


A.3 The widely used antibiotic, penicillin С, gave the following elemental analysis: С, 57.45%; 
H, 5.40%; N, 8.45%; S, 9.61%. The molecular weight of penicillin G is 330 + 10. Assume 


that no other elements except oxygen are present and calculate the empirical and molecular 
formulas for penicillin G. 


ADDITIONAL PROBLEMS 
A.4 Calculate the percentage composition of each of the following compounds. 


(a) C6H1206 
(b) CH3CH2NO2 
(с) CH4CH;CBr, 


> 
„л 


An organometallic compound called ferrocene contains 30.02% iron. What is the minimum 
molecular weight of ferrocene? 


A.6 A gaseous compound gave the following analysis: C, 40.0496; H, 6.69%. At standard tem- 
perature and pressure, 1.00 g ofthe gas occupied a volume of 746 mL. What isthe molecular 
formula of the compound? 


АЛ А gaseous hydrocarbon has a density of 1.251 g L7! at standard temperature and pressure. 
When subjected to complete combustion, a 1.000-L sample ofthe hydrocarbon gave 3.926 g 
of carbon dioxide and 1.608 р of water. What is the molecular formula for the hydrocarbon? 


А.8 Nicotinamide, a vitamin that prevents the occurrence of pellagra, gave the following analy- 
sis: C, 59.1094; H, 4.9296; N, 22.9196. The molecular weight of nicotinamide was shown in 
a separate determination to be 120 + 5. What is the molecular formula for nicotinamide? 


A.9 The antibiotic chloramphenicol gave the following analysis: C, 40.8896; H, 3.74%; Cl, 
21.9596; N, 8.67%. The molecular weight was found to be 300 + 30. What is the molecular 
formula for chloramphenicol? 
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SOLUTIONS TO PROBLEMS OF APPENDIX A 


АЛ 


А.2 


А.А 


(а) NH; (b) CH (c) СНО (d) C;H;N (e) CH; (f) CH 
EMPIRICAL 
EMPIRICAL FORMULA MOLECULAR WEIGHT MOLECULAR 
FORMULA WEIGHT EMP. FORM. WT. FORMULA 
9 
(a) CH;O 30 — =6 СеН |206 
80 
(b) СНМ 27 27 =3 C3H3N35 
410 
(c) ССІ 83 — 2 5 С Со 
83 
If we assume that we have а 100-g sample, the amounts of the elements are 


WEIGHT Moles(A) (B) 
С 57.45 MA 4.7 А _ = 16 
2.01 0.300 
H 5.40 24 5.36 326 17.9 = 18 
à 1.008 ` 0.300 gos 
N 8.45 BMS Geos 0:602" 2.01 x 
14.01 0.300 
S 9.61 nuu, PO бон 
` 3206“ 0300 ^ 
19.09 19 
© 19.09 = 1.19 a = 3.97 =4 
16.00 0.300 
100.00 


(* by difference from 100) 


The empirical formula is thus Ci¢6HigN2SO4. The empirical formula weight (334.4) is 
within the range given for the molecular weight (330 + 10). Thus, the molecular formula 
for penicillin G is the same as the empirical formula. 


(a) To calculate the percentage composition from the molecular formula, first determine 
the weight of each element in 1 mol of the compound. For С6Н 206, 


72.06 

C, = бх 12.01 = 72.06 1802 ^ 0.400 = 40.0% 

Н;; = 12 x 1.008 = 12.10 an = 0.0671 = 6.7% 
180.2 

О; = 6x 16.00 = 96.00 96.00 = ду = 533% 
MW 180.16 180.2 


(MW = molecular weight) 
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Then determine the percentage of each element using the formula 


Weight of A 


Percentage of A = ———— — — — x 1 
Molecular Weight 


(b) 24.02 


C; 22 x 12.01 = 24.02 —— = 0.320 = 32.0% 
75.07 
Hs =5х 1.008 = 5.04 5.04 = 0.067 = 6.7% 
ЕА SNR TO А аа 
14.01 
N = 1 14.01 = 14.01 —— = 0.187 = 18.796 
75.07 
32.00 
О; =2 x 16.00 = 3200 | ——— = 0.426 = 42.6% 
— 2507 
Total — 75.07 
36.03 
(© Сз =3 х 12.01 = 36.03 = -- 0.128 = 12.8% 
280.77 
Hs =5 х 1.008 = 504 ee = 0.018 = 1.8% 
5 =) х 1. = А 28077 = 0. = 1.6/0 
239.70 
Br3 = 3 х 79.90 = 239.70 = 0.854 = 85.4% 
—— 28077 


Total = 280.77 


А.5 If the compound contains iron, each molecule must contain at least one atom of iron, and | 
mol of the compound must contain at least 55.85 g of iron. Therefore, 


f Fe 1.000 
MW of ferrocene — 55.85 кое х шл, 
то! 0.3002 g of Fe 
= 1861 =. 
mol 


A.6 First, we must determine the empirical formula. Assuming that the difference between the 
percentages given and 100% is due to oxygen, we calculate: 


С 40.04 ADR = 3.33 x =1 
12.01 3.33 

H 6.69 А 6.64 GR 2 
1.008 3.33 
53.27 3.33 

[9] 53.27 T6008 ^ 3.33 m 1 


The empirical formula is thus СНО. 
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To determine the molecular formula, we must first determine the molecular weight. At 
standard temperature and pressure, the volume of 1 mol ofan ideal gas is 22.4 L. Assuming 


ideal behavior, 


1.009 = MM where MW = molecular weight 
0.746L 224L 


MW = (1.005224) | 30.0 g 
0.746 


The empirical formula weight (30.0) equals the molecular weight; thus, the molecular 


formula is the same as the empirical formula. 


As in Problem A.6, the molecular weight is found by the equation 


AT 
1.2518 ММ 
1.001, 2241. 
MW = (1.251)(22.4) 


MW = 28.02 
To determine Ше empirical formula, we must determine the amount of carbon in 3.926 g of 


carbon dioxide, and the amount of hydrogen in 1.608 g of water. 


12.01 
що ) = 1.071 g carbon 


G 3.926 g-€O. ден 
( >) [oni 260, 
2.016 g H 0.180 g hydrogen 
1.608 а-Н5О == | = 
: ( ң ) ( Possim) 1.251 g sample 


The weightof C and H ina 1.251-g sample is 1.251 g. Therefore, thereare no other elements 


present. 
To determine the empirical formula, we proceed as in Problem A.6 except thatthe sample 


size is 1.251 g instead of 100 g. 


ë 1.071 — 0.0892 
1201 7 0.0892 — 
0.180 _ m— 0.179 _ 
1.008 ` 0.0892 — 


The empirical formula is thus СН». The empirical formula weight (14) is one-half the 


molecular weight. Thus, the molecular formula is C2H4. 


A.8 Use the procedure of Problem A.3. 
C 59.10 SU dis Ма = 6.02 = 6 
у 12:01. ~ а 


4.92 4.88 = 
Н 492 1-48 дар =597= 6 
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y wom  —— -. 
ти 0.817 ^ 

а 1907 1295 оша ОМ a 
16.00 0.817 


100.00 


The empirical formula is thus Сене МО. The empirical formula weight is 122.13, which is 
equal tothemolecular weight within experimental error. The molecular formula is thus the 
same as the empirical formula. 


A.9 C 40.88 2088 3.40 Bag 5.5 5.5х2= 11 
à SS IBO = 061007 POR 
H 3.74 al 3.71 x =6 6x2=12 
" ung A 0.619 ^ = 
C] 21.95 21098 0.619 Се 1 1х2=2 
udi s 0.619 — per 
ы ang Совы DES ou = 
14.01 0.619 
6 nus 2b та (DU зи agus 
16.00 0.619 


100.00 
The empirical formula is thus СиН!2СЬ №205. The empirical formula weight (323) is 


equal to the molecular weight; therefore, the molecular formula is the same as the empirical 
formula. 
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Answers to Quizzes 


EXERCISE 1 


CH; 
| 
17 | === and сащ. 


сн; сн; 


1.8 H 
ғ 


1.9 (а) sp? (b) sp? (c) 0 (d) trigonal planar (e) 0D 


1.10 (а) +1 (b) 0 (с) – 1 


H 
1.13 Ша. АХ a up 
OH OH | 


unstable 
О. 
E ZN [1 
о о OH 
with, uty, ТА 
unstable 
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EXERCISE 2 


2.1 (e) 22 (a) 2.3 (b) 


о 
= „^^ 
2.4 (а) (b) | (с) С 
OH m th, 
cl 
о cl 
CH ^ 
(d) "€ қ @ a ( сн” `— 
mo CHB 
N 
(g) | 
CH; 


B 7= А 
О 
| ( мн 
26 (à „он (b) (c) = 


О 
о CH 
@ cuj ~~ он е ЧР ӘР 
H 


2.7 (a) Isopropyl phenyl ether 
(b) Ethylmethylphenylamine 


(c) Isopropylamine 


EXERCISE 3 
31 (a) 3.2 (с) 3.3 (b) 3.4 (e) 3.5 (b) 
3.6 (b) 
3.7 Н,504 + NaF ——» NaHSO, + HF 


3.8 (CH3)2NH 
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3.9 (а) CH4CHjLi (b) го 
em TA 
3.10 (a) CH3Li (b) CH4CHCH;OH (с) CH3CHCH;OLi 
EXERCISE 4 


41 (c 42 (с) 43 (b) 44 (a) 45 (b) 


4.6 (а) 47 (a) 


cl в 
48 (a) A (b) Or ба Вг 
H 
(c) H Br 
H Br 
H 


4.9 Н», РЕ, ргеззиге or Но, Ni, pressure 


CH; 


410 CH3;—CH 


EXERCISE 5 
5.1 (a) 5.2 (b) 5.3 (b) 54 (е) 5.5 (b) 


Н, (CH; H, „СН 


59 (d) 5.10 (e) 
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EXERCISE 6 


6.1 (b) 6.2 (b) 6.3 (a) 


Br 
64 Non Br Pa Pu PN 


е 
un 
> 
|| 
wW 
^ 
с 
|| 


CN 
" 
c= \ 24. осв D= 
66 (b) 
2H 
= ~ Ово BE А > 
H H pressure 
» 

EXERCISE 7 


по па 93 (a) 


7.4 (а) Li, CGHsNH;, —78 °C, then NH,Cl 
(b) H2/NizB(P—2) or Н;/Ра/ СаСО; (Lindlar’s catalyst) 
(с) H2/Ni, pressure ог H)/Pt, pressure (using at least 2 molar equivalents of H2) 
(d) C;HSONa/C;H5OH 
(е) (CH3);COK/(CH;);COH 


7.6 (a) iini: (b) —= ма“ (с) =H 
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EXERCISE 8 
8.1 (e) 82 (с) 83 (e 84 (a) 8.5 (d) 8.6 (c) 


87 (c) 8.8 (b) 


EXERCISE 9 
91 (a) нЕ (b) Eur в (c) AK 
< = ^ 
(d) қ о (е) NO; 


92 (о) 93 (a) 94 (b 95 (б) 96 (cde 97 7X. 


EXERCISE 10 


10.1 (d) 102 (b 103 © 10.44 (p 105 (©) 


10.7 Six 


10.8 (d) 


EXERCISE 11 
11.1 (d) 11.2 (a) 11.3 (e) 


ONa 


"od 
14 А = В = 
жалай екі 
C= D = 
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EXERCISE 12 


12.1 (b) 12.2 (a) 


12.3 А = —Li ог ----МеВг 
B =NaH 
С = СНУ 


124 А = g^ 
OH 


В = PCC/CH;Ch 
о 
с = eds 
H 
MgBr 
О о 
INS ed 5- Pu E ета 
OR 


EXERCISE 13 


13.1 (d) 13.2 (с) 13.3 (с) 13.4 (с) 


EXERCISE 14 


14.1 (e) 14.2 (a) 14.3 (b) 14.4. (6) 


14.5 on 14.6 Azulene 


EXERCISE 15 


15.1 (a) 15.2 (a) 15.3 (6) 
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154 (a) А = SO3/H2S04 


С = H20, Н›504, heat 


(b) A= SOCI, or РСІ; 


С = Zn(Hg), НСІ, reflux 


EXERCISE 16 


16.1 (4) 16.2 (b) 16.3 (b) 


Br 
164 (a) A= (У 


Gi 16D) 


(b A-PCC,CH;CL 


(с) A=(CgHs)3P 


(1) CH3MgBr 


d = 
( ) ^ (2) H5CrO4 


Ch 
1 6.5 СНз егете 


or peroxide 


О 


но 
— 


DIBAL-H, hexane, —78°C 


+ ы 
B = ^ P(CoHs)3 Br 


B —HCN С = (1) НАНА, ЕБО 


(2) НО 


OH 
H 
а OH 
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CH; 
NO; 
В = 
SO4H 
O OH 
NN КО» 
p= || 
Ж 
В- ,» + AICI; 
D = Br2/FeBr3 
B = NaCN 
(2) н.о 
в = yo НО" C= њо,н;о+ 
O 


«d 


The gem-diol formed in the alkaline hydrolysis step readily loses water to form the aldehyde. 


LibraryPirate 


672 APPENDIXB ANSWERS TO QUIZZES 


16.6 Тһе general formula for an oxime is 


OH 
> 1 
N, 


Both carbon and nitrogen are sp? hybridized; the electron pair on nitrogen occupies one sp? 
orbital. Aldoximes and ketoximes can exist in either of these two stereoisomeric forms: 


(RH if (R’)H 
N, or N 


R к Сен 


This type of stereoisomerism is also observed in the case of other compounds that possess 
the C=N group, for example, phenylhydrazones and imines. 


EXERCISE 17 
171 (b) 17.2 (d) 17.3 (d) 
174 А = 3-Chlorobutanoic acid 


B — Methyl 4-nitrobenzoate or methyl p-nitrobenzoate 


C — N-Methylaniline 


17.5 (а) A = (1) KMnO,, ОН“, heat В = SOCI; or PCl; 


(2) H30* 
о о 
N(CH O Nat 
с = ( 3» D — 
Q^ s Ж "N 
E= F= | oH 
SS 
о 
в „СН; 
07 18 
(Ы) А = В = CH;—OH 
о 
O^ Nat 
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о о 
ж 
() A= NH; B = en ке H 
17.6 (b) 
EXERCISE 18 
18.1 (a) 
hm A= MEC Тағ. 
у 
H 
с = a ) 
м Br 


183 (с) 184 (е) 1&5 (b) 


EXERCISE 19 


19.1 (c) 19.2 (e) 19.3 (b) 


о о о 0 
194 () А- кө OEt в = во тов 
ци 
о о о 0 
с = ноу ron р = уон 
о 
Е = он 
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(6) A= 


(d. А = ( у в = ғаты 


о о 
19.5 (а) за! (b) ебі (с) CH3Mgl, ЕО 
OH 
о 
(d) 46 (е) ?п(НгунсІ 


simple addition 


19.6 (e) 


LibraryPirate 


APPENDIX B ANSWERS ТО QUIZZES 675 


0 о 
197 (а) p (b) (c) HCN 
OH о OH о 
19.8 (а) (b) (c) 
(d) LiAIH4, ЕьО (e) H2, Ni, pressure (f) CH3OH (excess), HA 
ІЗ — h) nA" 
OCH; о 
О 
„~ (D) 
q и LDA, —78*C 
(2) H20 
EXERCISE 20 
201 (d) 202 (e) 
20.3 (a) (2) (b) (4) (c) (3) 


ДҮ? 
204 (а) А =HNOs/H)SO, в = ON C = Мамо», НСІ, 0—5°С 
N(CH3); 
р = Сисм Е = ЦАН,, EO F = CY 


о 

э» + NH) 
N—N=N: 

(b) A=NaN; B= à T Cr 

Br 
NH3 
р = Е = H3PO5 
Br Br 
20.5 (a) (2) (b) (2) (c) (1) (d) (1) (e) (2) (f) (2) 
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EXERCISE 21 
21.1 (a) 21.2 (b) 21.3. (b) 21.4 (e) 
OH 
215 A = B -КМН), Па. NH3, —33°C 
Br 
21.6 ==“ + CH3Br 
21.7 (а) (1) (b) (1) (c) (2) 
EXERCISE 22 
OH о H 
224 (a) (b) 
О 1: 
Н ОН | ОН оп 
СНОН | either 
OH | side 
CHOH 
H OH 
OH 
O H 
(d) (е) HO OH 
(СНОН), а 
ОН 
ОН 
езда, ОН ОН 
О H O H 
(g) (h) 
HO H HO H 
H OH H OH 
HO H HO H 
H OH HO H 
OH OH 
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(c) о H 
CHOH 
- 

HO H 
OH 
(f) но OH 


OH on 
either 
side 
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HO H 
H OH 
~ oH 
ы Н О OH о H о OH 
22.4 (а) (b) (c) (d) 
HO H HO H H OH H OH 
H OH H OH H OH H- OH 
H OH H OH 
OH [9] OH 
OH [0] OH 
OH 
О 
25 ВО 
OH 
OH 
OH OH 
OH 
O. OH T 
22.6 (a) | (b) о - -0 (с) Reducing 
OH HO H И ©н 
НО 


НО 


(4) Active (е) Aldonic (f) Active (g) Aldaric (h) NaBH4 
(i) Active 


22.7 (a) Galactose pese optically inactive alditol; glucose — optically active alditol 


dil 
Galactose “HNO,” optically inactive aldaric acid; glucose — optically active aldaric 


acid 


(b) НЮ. oxidation ————» different products: 


о о 
Fructose 
=  2mol "и + СО; + 3 uil ға 
о о 
Glucose ———» _ 1mol ет + 5 T 


22.8 (e) 22.9 (d) 
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EXERCISE 23 
О 
23.1 (а) X tos or Cig or Cig 

(c) 0 

о; 
О 

„ХХ 
О 


(е) ae 
13 


23.2 (a) L/OH- (iodoformtest) (b) Br2/CCl4 (c) Ethynylestradiol only 
shows IR absorption at 
~3300 ст“'. 


23.3 Sa-Androstane 


23.4 (a) Yr = (b) = = 
(X237 та A ком 


о 
(е) ЕР 7c X = Уа (f) Нура 


23.5 (b) Sesquiterpene 
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23.7 (e) 
EXERCISE 24 
о о 
241 (а) (b) 
OH о 
*NH3 *NH3 
о 
(с) AA o 
NH2 
24.2 PLGFGY 
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APPENDIX 
Molecular Model Set Exercises 


The exercises in this appendix are designed to help you gain an understanding of the three- 
dimensional nature of molecules. You are encouraged to perforin these exercises with a 
model set as described. 

These exercises should be performed as part of the study of the chapters shown below. 


Chapter in Text Accompanying Exercises 

4 1, 3, 4, 5, 6, 8, 10, 11, 12, 14, 15, 16, 17, 18, 20, 21 
5 2,1,9,.13,24, 25,26,27 
7 9, 19, 22,28 

22 29 

24 30 

13 31 

14 23,27 


The following molecular model set exercises were originally developed by Ronald Starkey. 
Refer to the instruction booklet that accompanies your model set for details of molecular 
model assembly. 


Exercise 1 (Chapter 4) 


Assemble a molecular model of methane, CH4. Note that the hydrogen atoms describe 
the apexes of a regular tetrahedron with the carbon atom at the center of the tetrahedron. 
Demonstrate by attempted superposition that two models of methane are identical. 

Replace any one hydrogen atom on each of the two methane models with a halogen to 
form two molecules of CH4X. Are the two structures identical? Does it make a difference 
which ofthe four hydrogen atoms on a methane molecule you replace? How many different 
configurations of CH3X are possible? 

Repeat the same considerations for two disubstituted methanes with two identical sub- 
stituents (CH2X2), and then with two different substituents (СН;ХҮ). Two colors of atom- 
centers could be used for the two different substituents. 


Exercise 2 (Chapter 5) 
Construct a model of a trisubstituted methane molecule (CHXY Z). Four different colored 
atom-centers are attached to a central tetrahedral carbon atom-center. Note that the carbon 
now has four different substituents. Compare this model with a second model of CHXYZ. 


Are the two structures identical (superposable)? 


680 
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Interchange any two substituents on one of the carbon atoms. Are the two CHXYZ 
molecules identical now? Does the fact that interchange of any two substituents on the carbon 
interconverts the stereoisomers indicate that there are only two possible configurations of a 
tetrahedral carbon atom? 

Compare the two models that were not identical. What is the relationship between them? 
Do they have a mirror-image relationship? That is, are they related as an object and its 
mirror image? 


Exercise 3 (Chapter 4) 


Make a model of ethane, СНзСНз. Does each of the carbon atoms retain а tetrahedral 
configuration? Can the carbonatoms be rotated with respect to each other without breaking 
the carbon-carbon bond? 

Rotate about the carbon-carbon bond until the carbon-hydrogen bonds of one carbon 
atom are aligned with those of the other carbon atom. This is the eclipsed conformation. 
When the C—H bond of one carbon atom bisects the H—C—H angle of the other carbon 
atom the conformation is called staggered. Remember, conformations are arrangements of 
atoms in a molecule that can be interconverted by bond rotations. 

In which of the two conformations of ethane you made are the hydrogen atoms of one 
carbon closer to those of the other carbon? 


Exercise 4 (Chapter 4) 


Prepare a second model of ethane. Replace one hydrogen, any one, on each ethane model 
with a substituent such as a halogen, to form two models of CH3CH;X. Are the structures 
identical? If not, can they be made identical by rotation about the C—C bond? With one 
of the models, demonstrate that there are three equivalent staggered conformations (see 
Exercise 3) of CH3CH2X. How many equivalent eclipsed conformations are possible? 


Exercise 5 (Chapter 4) 


Assemble a model of а 1,2-disubstituted ethane molecule, CH2XCH2X. Note how the 
orientation ofand the distance between the X groups changes with rotation about the carbon- 
carbon bond. The arrangement in which the X substituents are at maximum separation is 
the anti-staggered conformation. The other staggered conformations are called gauche. 
How many gauche conformations are possible? Are they energetically equivalent? Are they 
identical? 


Exercise 6 (Chapter 4) 


Construct two models of butane, ^. „7. Note that the structures can be viewed as 
dimethyl-substituted ethanes. Show that rotations about the C2, СЗ bond of butane produce 
eclipsed, anti-staggered, and gauche-staggered conformations. Measure the distance be- 
tween СІ and C4 inthe conformations just mentioned. [The scale of the Darling Framework 
Molecular Model Set, for example, is: 2.0 inches in a model corresponds to approximately 
1.0 A (0.1 nm) on a molecular scale.] In which eclipsed conformation are the СІ and C4 
atoms closest to each other? How many eclipsed conformations are possible? 
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Exercise 7 (Chapter 5) 


Using two models of butane, verify that the two hydrogen atoms on C2 are not stereo- 
chemically equivalent. Replacement of one hydrogen leads to a product that is not identical 
to that obtained by replacement of the other C2 hydrogen atom. Both replacement products 
have the same condensed formula, CH;3CHXCH2CH3. What is the relationship of the two 
products? 


Exercise 8 (Chapter 4) 


Make a model of hexane, ^^. ^... „7. Extend the six-carbon chain as far as it will go. 
This puts C1 and C6 at maximum separation. Notice that this straight-chain structure main- 
tains the tetrahedral bond angles at each carbon atom and therefore the carbon chain adopts 
a zigzag arrangement. Does this extended chain adopt staggered or eclipsed conformations 
ofthe hydrogen atoms? How could you describe the relationship of C1 and C4? 


Exercise 9 (Chapters 5 and 7) 


Prepare models ofthe four isomeric butenes, C4Hg. Note that the restricted rotation about the 
double bond is responsible for the cis-trans stereoisomerism. Verify this by observing that 
breaking the л bond of cis-2-butene allows rotation and thus conversion to trans-2-butene. 
Is any ofthe four isomeric butenes chiral (nonsuperposable with its mirror image) ? Indicate 
pairs of butene isomers that are structural (constitutional) isomers. Indicate pairs that are 
diastereomers. How does the distance between the СІ and C4 atoms in trans-2-butene 
compare with that of the anti conformation of butane? Compare the C1 to C4 distance in 
cis-2-butene with that in the conformation of butane in which the methyls are eclipsed. 


I-Butene  cis-2-Butene  trans-2-Butene 2-Methylpropene 


Exercise 10 (Chapter 4) 


Make a model of cyclopropane. Take care not to break your models due to the angle strain 
of the carbon-carbon bonds of the cyclopropane ring. It should be apparent that the ring 
carbon atoms must be coplanar. What is the relationship ofthe hydrogen atoms on adjacent 
carbon atoms? Are they staggered, eclipsed, or skewed? 


Exercise 11 (Chapter 4) 


A model of cyclobutane can be assembled in a conformation that has the four carbon atoms 
coplanar. How many eclipsed hydrogen atoms are there in the conformation? Torsional strain 
(strain caused by repulsions between the aligned electron pairs of eclipsed bonds) can be 
relieved atthe expense of increased angle strain by a slight folding ofthe ring. The deviation 
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of one ring carbon from the plane of the other threecarbon atoms is about 25°. This folding 
compresses the C—C—C bondangleto about 88°. Rotate thering carbon bonds of the planar 
conformation to obtainthe folded conformation. Arethe hydrogen atoms on adjacent carbon 
atoms eclipsed or skewed? Considering both structural and stereoisomeric forms, how many 
dimethylcyclobutane structures are possible? Do deviations of the ring from planarity have 
to be considered when determining the number of possible dimethylcyclobutane structures? 


Exercise 12 (Chapter 4) 


Cyclopentane is a more flexible ring system than cyclobutane or cyclopropane. A model of 
cyclopentane in a conformation with all the ring carbon atoms coplanar exhibits minimal 
deviation of the C—C—C bond angles from the normal tetrahedral bond angle. How many 
eclipsed hydrogen interactions are there in this planar conformation? If one of the ring 
carbon atoms is pushed slightly above (or below) the plane of the other carbon atoms, a 
model of the envelope conformation is obtained. Does the envelope conformation relieve 
some of the torsional strain? How many eclipsed hydrogen interactions are there in the 


envelope conformation? 


Cyclopentane 


Exercise 13 (Chapter 5) 


Make a model of 1,2-dimethylcyclopentane. How many stereoisomers are possible for this 
compound? Identify each of the possible structures as either cis or trans. Is it apparent that 
cis-trans isomerism is possible in this compound because of restricted rotation? Are any 
of the stereoisomers chiral? What are the relationships of the 1,2-dimethylcyclopentane 
stereoisomers? 


Exercise 14 (Chapter 4) 


Assemble the six-membered ring compound cyclohexane. Is the ring flat or puckered? Place 
the ring ina chair conformation and then in a boat conformation. Demonstrate that the chair 
and boat are indeed conformations of cyclohexane—that is, they may be interconverted by 
rotations about the carbon-carbon bonds of the ring. 


Chair form Boat form 


Note that in the chair conformation carbonatoms 2, 3, 5, and 6 are in the same plane and 
carbonatoms 1 and 4 are below and above the plane, respectively. In the boat conformation, 
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carbon atoms | and 4 are both above (they could also both be below) the plane described 
by carbon atoms 2, 3, 5, and 6. Is it apparent why the boat is sometimes associated with the 
flexible form? Are thehydrogen atoms in the chair conformation staggered or eclipsed? Are 
any hydrogen atoms eclipsed in the boat conformation? Do carbon atoms 1 and 4 have an 
anti or gauche relationship in the chair conformation? (Hint: Look down the C2, C3 bond). 

A twist conformation of cyclohexane may be obtained by slightly twisting carbon atoms 
2 and 5 of the boat conformation as shown. 


Boat form Twist form 


Notethatthe C2, СЗ and the C5, С 6sigmabonds no longer retain their parallel orientation 
in the twist conformation. If the ring system is twisted too far, another boat conformation 
results. Compare the nonbonded (van der Waals repulsion) interactions and the torsional 
strain present in the boat, twist, and chair conformations of cyclohexane. Is it apparent why 
the relative order of thermodynamic stabilities is: chair > twist > boat? 


Exercise 15 (Chapter 4) 


Construct a model of methylcyclohexane. How many chair conformations are possible? 
How does the orientation of the methyl group change in each chair conformation? 


(> 


Identify carbonatoms inthe chair conformation of methylcyclohexane that have intramolec- 
ular interactions corresponding to those found in the gauche and anti conformations of 
butane. Which of the chair conformations has the greatest number of gauche interactions? 
How many more? If we assume, as in the case for butane, that the anti interaction is 3.8 kJ 
mol-! more favorable than gauche, then what is the relativestability of the two chair confor- 


mations of methylcyclohexane? Hint: Identify the relative number of gauche interactions 
in the two conformations. 


Exercise 16 (Chapter 4) 


Compare models of the chair conformations of monosubstituted cyclohexanes in which the 
substituent alkyl groups аге methyl, ethyl, isopropyl, and sert-buty]. 


CX, 
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Rationalize the relative stability of axial and equatorial conformations of the alkyl group 
giveninthe table for eachcompound. Thechair conformation with the alkyl group equatorial 
is more stable by the amount shown. 


ALKYL GROUP AG? (kJ mol-!) EQUATORIAL = AXIAL 


CH, 73 
CH2CHy 7.5 
CH(CH3); 9.2 
С(СНз» 21 (approximate) 


Exercise 17 (Chapter 4) 


Makea model of 1,2-dimethylcyclohexane. Answer the questions posed in Exercise 13 with 
regard to 1,2-dimethylcyclohexane. 


Exercise 18 (Chapter 4) 


Compare models of the neutral and charged molecules shown next. Identify the structures 
that are isoelectronic, that is, those that have the same electronic structure. How do those 
structures that are isoelectronic compare in their molecular geometry? 


CHCH; CH;NH, CHOH 
CH3CH2— CH3NH3+ СНз OH+ 
CH4NH- 


Exercise 19 (Chapter 7) 


Prepare a model of cyclohexene. Note that chair and boat conformations are no longer 
possible, as carbon atoms 1, 2, 3, and 6 lie in a plane. Are cis and trans stereoisomers 
possible for the double bond? Attempt to assemble a model of trans-cyclohexene. Can it 
be done? Are cis and trans stereoisomers possible for 2,3-dimethylcyclohexene? For 3,4- 


dimethylcyclohexene? 
6 
5 1 
4 
3 


Cyclohexene 
Assemble a model of trans-cyclooctene. Observe the twisting of the л-Бопд system. Would 


уоцехрес the cis stereoisomer to be more stable than rans-cyclooctene? Is cis-cyclooctene 
chiral? Is trans-cyclooctene chiral? 
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Exercise 20 (Chapter 4) 


Construct models of cis-decalin (cis-bicyclo[4.4.0]decane) and trans-decalin. Observe how 
it is possible to convert one conformation of cis-decalin in which both rings are in chair 
conformations to another all-chair conformation. This interconversion is not possible in the 
case of the trans-decalin isomer. Suggest a reason for the difference in the behavior of the 
cis and trans isomers. Hint: What would happen to carbon atoms 7 and 10 of trans-decalin 
if the other ring (indicated by carbon atoms numbered 1--6) is converted to the alternative 
chair conformation. Is the situation the same for cis-decalin? 


H 


H 
trans-Decalin cis-Decalin 


Exercise 21 (Chapter 4) 


Assemble a model of norbornane (bicyclo[2.2.1]heptane). Observe the two cyclopentane 
ring systems in the molecule. The structure may also be viewed as having a methylene 
(CH2) bridge between carbon atoms 1 and 4 of cyclohexane. Describe the conformation of 
the cyclohexane ring system in norbornane. How many eclipsing interactions are present? 


Norbornane 


Using a model of twistane, identify the cyclohexane ring systems held in twist conforma- 
tions. In adamantane, find the chair conformation cyclohexane systems. How many are 
present? Evaluate the torsional and angle strain in adamantane. Which of the three com- 
pounds in this exercise are chiral? 


Twistane Adamantane 


Exercise 22 (Chapter 7) 


An hypothesis knownas Bredt's Rule states that a double bond to a bridgehead of a small- 
ring bridged bicyclic compound is not possible. The basis of this rule can be seen if you 
attempt to make a model of bicyclo[2.2.1]hept- 1-ene, A. One approach to theassembly of 
this model is to try to bridge the number 1 and number 4 carbon atoms of cyclohexene with 
a methylene (CH2) unit. Compare this bridging with the ease of installing a СН» bridge 
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between the 1 and 4 carbon atoms of cyclohexane to form a model of погботапе (see 
Exercise 21). Explain the differences in ease of assembly of these two models. 


A B 


Bridgehead double bonds can be accommodated in larger ring-bridged bicyclic compounds 
such as bicyclo[3.2.2]non-1l-ene, B. Although this compound has been prepared in the 
laboratory, it is an extremely reactive alkene. 


Exercise 23 (Chapter 14) 


Not all cyclic structures with alternating double and single bonds are aromatic. Cyclooc- 
tatetraene shows none of the aromatic characteristics of benzene. From examination of 
molecular models of cyclooctatetraene and benzene, explain why there is z-electron de- 
localization in benzene but not in cyclooctatetraene. Hint: Can the carbon atoms of the 
eight-membered ring readily adopt a planar arrangement? 


o Q 


Benzene Cyclooctatetraene 


Note that benzene can be represented in several different ways with most molecular model 
sets. In this exercise, the Kekulé representation with alternating double and single bonds 
is appropriate. Alternative representations of benzene, such as a form depicting molecular 
orbital lobes, are shown in your model set instruction booklet. 


Exercise 24 (Chapter 5) 


Consider the CH3CHXCHYCHs; system. Assemble all possible stereoisomers of this struc- 
ture. How many are there? Indicate the relationship among them. Are they all chiral? 
Repeat the analysis with the СНЗСНХСНХСН; system. 


Exercise 25 (Chapter 5) 


The CH3CHXCHXCH; molecule can exist as the stereoisomers shown here. In the eclipsed 
conformation (meso) shown onthe left (E), the molecule has a plane of symmetry that bisects 
the C2, C3 bond. This is a more energetic conformation than any of the three staggered 
conformations, but it is the only conformation of this configurational stereoisomer that has 
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a plane of symmetry. Can you consider a molecule achiral if only one conformation, and 
in this case not even the most stable conformation, has a plane of symmetry? Are any of 
the staggered conformations achiral (superposable on its mirror image)? Make a model 
of the staggered conformation shown here (S) and make another model that is the mirror 
image of it. Are these two structures different conformations of the same configurational 
stereoisomer (e.g., are they conformers that can be interconverted by bond rotations), or are 
they configurational stereoisomers? Based on your answer to the last question, suggest an 
explanation for the fact that the molecule is not optically active. 


Exercise 26 (Chapter 5) 


Not all molecular chirality is a result of a tetrahedral chirality center, such as CHXYZ. 
Cumulated dienes (1,2-dienes, or allenes) are capable of generating molecular chirality. 
Identify, using models, which of the following cumulated dienes are chiral. 


Arethe following compounds chiral? Howare they structurally related tocumulated dienes? 


H 
D E 


Is the cumulated triene F chiral? Explain the presence or absence of molecular chirality. 
More than one stereoisomer is possible for triene F. What are the structures, and what is the 
relationship betweenthose structures? 


H 
)-e-e 
H 
Г 
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Exercise 27 (Chapters 5 and 14) 


Substituted biphenyl systems can produce molecular chirality if the rotation about the bond 
connecting the two rings is restricted. Which of the three biphenyl compounds indicated 
here are chiral and would be expected to be optically active? 


a 7 
b е 
J. a=f= CH К. a- b = CH L. а= f- СН, 
b = e = (СНУ e= f= N(CH3)3 b=e=H 


Exercise 28 (Chapter 7) 


Assemble a simple model of ethyne (acetylene). The linear geometry of the molecule should 
be readily apparent. Now, use appropriate pieces of your model set to depict the а and both 
Шел bonds of the triple bond system using sp hybrid carbon atoms and pieces that represent 
orbitals. Based on attempts to assemble cycloalkynes, predict the smallest cycloalkyne that 
is stable. 


Exercise 29 (Chapter 22) 


Construct a model of 8-p-glucopyranose. Note that in one of the chair conformations all 
the hydroxyl groups and the CH2OH group are in an equatorial orientation. Convert the 
structure of 8-p-glucopyranose to a-p-glucopyranose, to 8-p-mannopyranose, and to B-p- 
galactopyranose. Indicate the number of large ring substituents (OH or CH2OH) that аге 
axial in the more favorable chair conformation of each of these sugars. Is it reasonable that 
the 8-anomer is more stable than the a-anomer of p-glucopyranose? 

Make a model of В-1-вшсоругапозе. What is the relationship between the p and L 
configurations? Which is more stable? 


о. н O. .H о. „Н 
OH 

Hom но—=н нон 

о HO——H HO——H нон 

HO ӨН ош шов HoH 
HO OH OH н- он нон 

B-D-Glucopyranose 

OH OH OH 


D-(+)-Glucose D-(+)-Mannose D-(+)-Galactose 
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Exercise 30 (Chapter 24) 


Assemble a model of tripeptide A shown here. Restricted rotation of the C—N bond in 
the amide linkage results from resonance contribution of the nitrogen nonbonding electron 
pair. Note the planarity of the six atoms associated with the amide portions ofthe molecule 
caused by this resonance contribution. Which bonds along the peptide chain are free to 
rotate? The amide linkage can either be cisoid or transoid. How does the length (from 
the N-terminal nitrogen atom to the C-terminal carbon atom) of the tripeptide chain that 
is transoid compare with one that is cisoid? Which is more "linear"? Convert a model of 
tripeptide A in the transoid arrangement to a model of tripeptide B. Which tripeptide has a 


longer chain? 
о H R Н о 
H;N 2 N 
xL X Тон 
кн кн 
H о 


Tripeptide А R- CH; (L-Alanine) 
Tripeptide B В = CHOH (L-Serine) 


Exercise 31 (Chapter 13) 
Make models of the x molecular orbitals for the following compounds. Use the phase repre- 


sentation of each contributing atomic orbital shown in your molecular model set instruction 
booklet. Compare each model with л molecular orbital diagrams shown in the textbook. 


(a) лі and ло of ethene (CH5—CH;, =) 


(b) xi through ла of 1,3-butadiene єн,=сн—сн=сн„ /-2) 


(с) m, ло, and лз of the allyl (propenyl) radical (CH35—CH— CH), = 9 


EXERCISE 32 


Use your model set to construct several of the interesting representative natural product 
structures shown here. 


Progesterone Caryophyllene Longifolene 
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HO 
Morphine Strychnine 


MOLECULAR MODEL SET EXERCISES — SOLUTIONS 


Solution 1 Replacement of any hydrogenatom of methane leads to the same monosubstituted product 
CH3X. Therefore, there is only one configuration of a monosubstituted methane. There is 
only one possible configuration for a disubstituted methane of either the CH;X; or CH;XY 
type. 


Solution 2 Interchange of any two substituents converts the configuration of a tetrahedral chirality 
center to that of its enantiomer. There are only two possible configurations. If the models 
are not identical, they will have a mirror-image relationship. 


Solution 3 The tetrahedral carbon atoms may be rotated without breaking the carbon-carbon bond. 
Thereis no change in the carbon-carbon bond orbital overlap during rotation. The eclipsed 
conformation places the hydrogen atoms closer together than they are in the staggered 


conformation. 
H H H H 
LH 
H y+. H н) 
H H H H 
Eclipsed Staggered 
conformation conformation 


Solution 4 АП monosubstituted ethanes (CH3CH;X) may be made into identical structures by rotations 
about the C—C bond. The following structures are three energetically equivalent staggered 
conformations. 


X H H H H H 
LH LH LH 
Н“; н; x2— 
H H X H H H 
The three equivalent eclipsed conformations are 
X H H H H H 
H X H H H 
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Solution 5 Тһе мо gauche conformations are energetically equivalent, but not identical (superposable) 
since they are conformational enantiomers. They bear a mirror-image relationship and are 
interconvertible by rotation about the carbon-carbon bond. 


X H X X X H 
FH ТАН x 
н н“; wC 
X H H H H 
anti Conformation gauche Conformations 


Solution 6 There аге three eclipsed conformations. The methyl groups (СІ and C4) are closest together 
in the methyl-methyl eclipsed conformation. The carbon-carbon internuclear distances be- 
tween C1 and C4 are shown in the following table. The number of conformations of each 
type and the molecular distances in angstroms (A) are shown. 


CONFORMATION NUMBER DISTANCES (A) 
Eclipsed (CH3, СН;) 1 2.5 
Gauche 2 2.8 
Eclipsed (H, CH3) 2 3:3 
Anti 1 3.7 


Solution? The enantiomers formed from replacement of the C2 hydrogen atoms of butane are 


Solution 8 The extended chain assumes a staggered arrangement. The relationship of СІ and C4 is 
anti. 


LibraryPirate 


APPENDIX С MOLECULAR MODEL SET EXERCISES 693 


Solution 9 None of the isomeric butenes is chiral. They all have a plane of symmetry. All the isomeric 
butenes are related as constitutional (or structural) isomers except cis-2-butene and trans- 
2-butene, which are diastereomers. 


constitutional 


а-а 


С 


censtitutional 
isomers 


diastereomers 


constitutional 
— е 
іѕотегѕ 


Molecular Model Set C1 to C4 Distances: 


1 


COMPOUND DISTANCES (A) 
cis-2-Butene 2.0 
trans-2-Butene 3m 
Butane (gauche) 2.8 
Butane (anti) 227 


Solution 10 The hydrogen atoms are all eclipsed in cyclopropane. 


Solution 11 All the hydrogen atoms are eclipsed in the planar conformation of cyclobutane. The folded 
ring system has skewed hydrogen interactions. There are six possible isomers of dimethyl- 
cyclobutane. Since the ring is not held in one particular folded conformation, deviations of 


the ring planarity need not be considered in determining the number of possible dimethyl 
structures. 


Solution 12 Inthe planar conformation of cyclopentane, all five pairs of methylene hydrogen atoms аге 
eclipsed. That produces 10 eclipsed hydrogen interactions. Some torsional strain is relieved 
in the envelope conformation since there are only six eclipsed hydrogen interactions. 


Solution 13 The three configurational stereoisomers of 1,2-dimethylcyclopentane are shown here. Both 
trans stereoisomers are chiral, while the cis configuration is an achiral meso compound. 
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enantiomers 


cis 


Solution 14 The puckered ring of the chair and the boat conformations can be interconverted by rota- 
tion about the carbon-carbon bonds. The chair is more rigid than the boat conformation. 
All hydrogen atoms in the chair conformation have a staggered arrangement. In the boat 
conformation, there are eclipsed relationships between the hydrogen atoms on C2 and C3, 
and also between those on C5 and C6. Carbon atoms that are 1,4 to each other in the chair 
conformation have a gauche relationship. An evaluation of the three conformations con- 
firms the relative stability: chair > twist > boat. The boat conformation has considerable 
eclipsing strain and nonbonded (van der Waals repulsion) interactions, the twist conforma- 
tion has slight eclipsing strain, and the chair conformation has a minimum of eclipsing and 
nonbonded interactions. 


Solution 15 Interconversion of the two chair conformations of methylcyclohexane changes the methyl 
group from an axial to a less crowded equatorial orientation, or the methyl that is equatorial 
tothe more crowded axial position. 


H 
Axial methyl Equatorial methyl 


The conformation with the axial methyl group has two gauche (1,3-diaxial) interactions 
that are not present in the equatorial methyl conformation. These gauche interactions are 
axial methyl to СЗ and axial methyl to C5. The methyl to СЗ and methyl to C5 relationships 
with methyl groups in an equatorial orientation are anti. 


Solution 16 The AG? value reflects the relative energies of the two chair conformations for each struc- 
ture. The crowding of the alkyl group in an axial orientation becomesgreater as the bulk of 
the group increases. The increased size of the substituent has little effect on the steric in- 
teractions of the conformation that has the alkyl group equatorial. The gauche (1,3-diaxial) 
interactions are responsible for the increased strain for the axial conformation. Since the 
ethyland isopropyl groups can rotateto minimize the nonbonded interactions, their effective 
size is less than their actual size. The tert-butyl group cannot relieve the steric interactions 
by rotation and thus there is a considerably greater difference in potential energy between 
the axial and equatorial conformations. 
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Solution 17 All four stereoisomers of 1,2-dimethylcyclohexane are chiral. The cis-1,2-dimethylcyclo- 
hexane conformations have equal energy and are readily interconverted, as shown here. 


H А H 
12 .,  enantiomers _ ACA 


trans H H trans 
5 5 
Е Е 
б 
р g 
2 2 
E Е 
© 5 
H Р H 
conformational 
NEM н е ----Н 
enantiomers 
cis cis 


Solution 18 The structures that are isoelectronic have the same geometry. Isoelectronic structures are 


CH3;CH; and CH4NH,* 
СЕ МН, CHCH,- and CH30H;* 
Structure CH4NH^ would be isoelectronic to CH4OH. 


Solution 19 Cis-trans stereoisomers are possible only for 3,4-dimethylcyclohexene. The ring size and 
geometry of the double bond prohibit a trans configuration of the double bond. Two config- 
urational isomers (they are enantiomers) are possible for 2,3-dimethylcy clohexene. 


Q 


cis-Cyclooctene is more stable because it has less strain than the trans-cyclooctene structure. 
The relative stability of cycloalkene stereoisomers in rings larger than cyclodecene generally 
favors trans. The trans-cyclooctene structure is chiral. 


LA 


trans-Cyclooctene 
(one enantiomer) 
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Solution 20 Тһе гіпр fusion in trans-decalin is equatorial, equatorial. That is, one ring is attached to the 
other as 1,2-diequatorial substituents would be. Interconversion of the chair conformations 
of one ring (carbon atoms 1 through 6) in trans-decalin would require theother ring to adopt 
a 1,2-diaxial orientation. Carbon atoms 7 and 10 would both become axial substituents to the 
other ring. The four carbon atoms ofthe substituent ring (carbon atoms 7 through 10) cannot 
bridge the diaxial distance. In cis-decalin both conformations have an axial, equatorial ring 
fusion. Four carbon atoms can easily bridge the axial, equatorial distance. 


Solution 21 The cyclohexane ring in norbornane is held in a boat conformation, and therefore has 
four hydrogen eclipsing interactions. All the six-membered ring systems in twistane are in 
twist conformations. All four of the six-membered ring systems in adamantane are chair 
conformations. 


Solution 22 Bridging the 1 and 4 carbon atoms of cyclohexane is relatively easy since in the boat 
conformation the flagpole hydrogen atoms (on Cl and C4) are fairly close and their C—H 
bonds are directed toward one another. With cyclohexene, the geometry of the double bond 
and its inability to rotate freely make it impossible to bridge the СІ, C4 distance with a single 
methylene group. Note, however, that a cyclohexene ring can accommodate a methylene 
bridge between C3 and C6. This bridged bicyclic system (bicyclo[2.2.1]hept-2-ene) does 
not have a bridgehead double bond. 


Ji 
2 " H H 
L 4 
4 2 3 


Bicyclo[2.2. 1 ]hept-2-ene 


Solution 23 The 120° geometry of the double bond is ideal for incorporation into a planar six-membered 
ring, as the internal angle of a regular hexagon is 120°. Cyclooctatetraene cannot adopt a 
planar ring system without considerable angle strain. The eight-membered ring adopts a 
“tub” conformation that minimizes angle strain and does not allow significant p-orbital 
overlap other than that of the four double bonds in the system. Thus, cyclooctatetraene has 
four isolated double bonds and is not a delocalized л -еІесїгоп system. 


p 


~ 


А 


Cyclooctatetraene (tub conformation) 
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Solution 24 In the CH;CHXCHYCH; system, there are four stereoisomers, all of which are chiral. 


EH XY H " enantiomers > 


А 


enantiomers 


In Ше CH;CHXCHXCH; system, there are three stereoisomers, two of which are chiral. 
The third stereoisomer (E) (shown on page 698) is an achiral meso structure. 


Solution 25 If at least one conformation of a molecule in which free rotation is possible has a plane 
of symmetry, the molecule is achiral. For a molecule with the configurations specified, 
there are two achiral conformations: the eclipsed conformation E shown in the exercise and 
staggered conformation F. 


> é X 
ну; 


5 


ГА EH > 
H PEN H "rotation - те T 
1 


A model of F is identical with its mirror image. It is achiral, although it does not have а 
plane of symmetry, due to the presence of a center of symmetry that is located between C2 
and C3. A center of symmetry, like a plane of symmetry, is a reflection symmetry element. 
A center of symmetry involves reflection through a point; a plane of symmetry requires 
reflection about a plane. A model of the mirror image of S (structure T) is not identical to 
S, but is a conformational enantiomer of S. They can be made identical by rotation about 
the C2, C3 bond. Since S and T are conformational enantiomers, the two will be present in 
equal amounts in a solution of this configurational stereoisomer. Both conformation S and 
conformation T are chiral and therefore should rotate the plane of plane polarized light. 
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Since they are enantiomeric, the rotations of light will be equal in magnitude but opposite 
in direction. The net result is a racemic form of conformational enantiomers, and thus 
optically inactive. A similar argument can be made for any other chiral conformation and 
this configuration of CH;CHXCHXCH3. 

Chemical interchange of two groups at either chirality center іп meso compound E leads 
to a pair of enantiomers (G and H). 


enantiomers 


Solution 26 Structures B and C are chiral. Structure А has a plane of symmetry and is therefore achiral. 
Compounds D and E are both chiral. The relative orientation of the terminal groups in D 
and E is perpendicular, as is the case in the cumulated dienes. 

Cumulatedtriene F is achiral. It has a plane of symmetry passing through all six carbon 
atoms. Structure F has a trans configuration. The cis diastereomer is the only other possible 
stereoisomer. 


Solution 27 Structure J can be isolated as a chiral stereoisomer because of the large steric barrier to 
rotation about the bond connecting the rings. Biphenyl К has a plane of symmetry and is 
therefore achiral. The symmetry plane of K is shown here. Any chiral conformation of L can 
easily be converted to its enantiomer by rotation. It is only when а # b and f Æ e and rotation 
is restricted by bulky groups that chiral (optically active) stereoisomers can be isolated. 


CH; N(CHj 


CH, Ņ(CH3)3 


A plane of symmetry 


Solution 28 A representation of the molecular orbitals in ethyne is given in Section 1.14 ofthe text. The 
smallest stable cycloalkyne is the nine-membered ring cyclononyne. 


Solution 29 As shown here, the alternative chair conformation of 8-p-glucopyranose has all large sub- 
stituents in an axial orientation. The structures a-p-glucopyranose, В-р-таппоругапове, 
and £-p-galactopyranose all have one large axial substitutent in the most favorable con- 
formation. 8-L-Glucopyranose is the enantiomer (mirror image) of 8-p-glucopyranose. 
Enantiomers are of equal thermodynamic stability. 
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OH 
OH 
О 
FN =O 
OH 


D-D-Glucopyranose 


OH но ОН H 
HO HO ан 
OH OH 
OH 
&-D-Glucopyranose B-D-Galactopyranose 
OH OH 
| OH 
| яш й OH 
HO 
HO OH HO OH 
HO 

B-D-Mannopyranose B-L-Glucopyranose 


Solution 30 The peptide chain bonds not free to rotate are those indicated by the bold lines in the 
structure shown here. The transoid arrangement produces a more linear tripeptide chain. 
The length of the tripeptide chain does not change if you change the substituent R groups. 


O HR T о 
НМ b N 
N ҳ Тон 
+ | + 
Hj O H 


Solution 31 Themodels ofthe x molecular orbitals foretheneare shown in the Orbital Symmetry section 


of the Darling Framework Molecular Model Set instruction booklet. A representation of 
these orbitals can be found in the text in Section 1.13. 


The x molecular orbitals for 1,3-butadiene are shown in the text in Section 13.7C. A 
model ofthe л molecular orbitals of 1,3-butadiene is also shown in the Orbital Symmetry 
section of the Darling Framework Molecular Model instruction booklet. The phases ofthe 
contributing atomic orbitals to the molecular orbitals of the allyl radical can be found in the 
text in Section 13.3A. The л molecular orbital of the ally! radical has a node at C2. 


LibraryPirate 


Approximate proton 


chemical shifts 
ТУРЕ OF PROTON CHEMICAL SHIFT (4. ppm) 
1° Alkyl. RCH, 08-L2 
2° Alkyl, КОЊЕ 1.2-1.5 
3° Alkyl, R.CH 14- 1.8 
Allylic, R,C=C—CH, L6-1.9 
Н 
Benzylic, ACH, 22-26 
Alkyl chloride, RCIH,CI 36-3.8 
Alkyl bromide, RCH;Br 3.4-3.6 
Alkyliodide. ВСН 3.1-3.3 
Ether. ROCH,R 33-19 
Alcohol. H@CILR 3.3-4.0 
Ketone. RCCH, 2.1-2.6 
4 
Aldehyde, RCH 9.5-10.5 
|| 
Мпуће, RC —CH, 4.6-5.0 
Vinylic, R3C=CH 52-52 
қ 
Aromatic, ArH 6.0-8.5 
Acetylemc, RC=CH 25-11 
Alcohol hydroxyl. ROH 0.5-6,9: 
Carboxylic, RCOH 10-134 
| 
Phenolic. ArOH 4.5-7.7“ 
Amino. R—NH, 1.0-5,0¢ 


"The chemical shifts of these pretons vary in different solventsand 
wath temperature and cencentration. 
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Approximate carbon-13 chemical shifts 


TYPE OF CARBON ATOM 


CHEMICAL SHIFT (, 


1* Alkyl, RCH, 
2 Alkyl, RCH;R 
3* Alkyl, RCHR, 


tx ( \—) 
Alkyl halide or amine, peru X = С, Br, or N— 


Alcohol or ether, ма. 


А Купе, —C= 


£N 
Alkene, C= 
^ 


Nitriles, — См 
о 
1 | 
Amides, — C —N— 


| 
Carboxylic acids, esters, —C—O 


о 
| 


о 


Aldehydes, ketones, —C— 


0-30 
10-50 
15-56 


10-65 


50-90 


60-90 


109-170 


100-170 


120-130 


150-188 


160- 185 


182-215 


Characteristic infrared absorptions of groups 


FREQUENCY 
GROUP RANGE (ст!) INTENSITY* 
A. Alkyl 
CH (stretching) 2853- 2962 (m-s) 
Isopropyl, —СН(СН,), 1380- 1385 (5) 
and 1365-1370 (s) 
teri-Butyl. — C(CH,), 1385- 1395 (m) 
and —1365 (s) 
B. Alkenyl 
CH (stretching) 3010- 3095 (m) 
C—C (stretching) 1620- 1680 (v) 
R—CH=CH, 985 - 1000 {s) 
and 905 -920 (5) 
R,C=CH, ak plane 880-900 (s) 
cts-RCH=CHR моа 675-730 (s) 
trans-RCH=CHR 960-975 (s) 
C. Alkynyl 
=C—H (stretching) ~ 3300 (s) 
C=C (stretching) 2100-2260 (v) 
D. Aromatic 
Ac—H (stretching) ~ 3030 (у) 
Aromatic substitution type 
(С-Н out-of-plane bendings) 
Monosubstituted 690-710 (very s) 
and 730-770 (very s) 
o-Disubstituted 735-770 (s) 
m-Disubstituted 680-725 (s) 
and 750-810 {very s) 
p-Disubstituted 800-860 (very 5) 
E. Alcohols, Phenols, and Carboxylic 
Acids 
O—H (stretching) 
Alcohols, phenols (dilute solutions) 3590-3650 (sharp, v) 
Alcohols, phenols (hydrogen bonded) 3200-3550 (broad. s) 
Carboxylic acids (hydrogen bonded) 2500 - 3000 (broad, v) 
F. Aldehydes, Ketones, Esters, and 
Carboxylic Acids 
C=O (stretching) 1630-1780 (s) 
Aldehydes 1690-1740 (5) 
Ketones 1680-1750 (5) 
Esters 1735-1750 (5) 
Carboxylic acids 1710-1780 (s) 
Amides 1630-1690 (5) 
С. Amines 
м-н 3300 - 3500 (m) 
H. Nitriles 
C=N 2220-2260 (m) 


“Abbreviations: 5 = strong, m = medium, w = weak, v = variable, ~ = approximately. 


